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BRAIN WAVES AND PROBLEMS OF PSYCHOLOGY! 


ROBERT J. ELLINGSON 
Nebraska Psychiatric Institute 


University of Nebraska College of Medicine 


Since the war clinical and experi- 
mental electroencephalography have 
flourished. Studies employing EEG 

vealed much about 
é' 


electropl olog ul mec 


techniques have 


hanisms as- 


sociated with rmal a 
brain fu 

paper is 

mental 

i g irom \ 
lems of traditi | 


nd abnormal 

purpose of this 
ive recent experi- 
hy potheses aris- 
h pertain to prob- 
interest to psy- 
chologists. 

In his chapter on 
Hunt's 
Lindsley 


relations 


electroenceph il- 
1944 
reviewed 
bee 
ded | 
and physiological 


psvc hol ywical processes 


handbook 
the 
is between 


ography in 
(121 


known 


then- 
EEG 

and 
A knowledge 
of the fundamentals as presented by 
Lindsley will be assumed in 
paper, and materia! 
in his chapter will not 


phenomena 


this 
appeared 


be reviewed 


which 
again. Material which does not at 
present appear to be related to psy- 


functions will also be 


= . 
cChoiogi al 


omitted. 
SLEEP AND WAKEFULNESS 


In 1939, after an exhaustive re- 
view of the literature on sleep and 

' Thanks 
goun and Dr 
the manuscript, and especially 
Donald B. Lindsley, 
resulted in many 


are due to Professor H. W. Ma- 
Ralph IX. Meister, who reviewed 
to Professor 
whose careful criticisms 
improvements in the text. 
~However, sole responsibility for anv remaining 
errors of fact or internretation lies with the 
author. 





Kleitman (99) 
cluded that, although the flow of sen- 


wakefulness, con- 
sory impulses into the brain is instru- 
mental in initiating and maintaining 
the state of wakefulness, the brain 
mechanisms involved cannot be as 
simple as might first appear. Activity 
of cortical origin must be capable of 
maintaining the waking state 

heavv 
Kleitman called 
tained by ser 


necessity td 


in the 
inflow. 
main- 


absence of afferent 

wakefulness 
“wakeful- 
and that 
tained by cortical activity 


inflow 


sory 
ness o! main- 
‘“‘wakeful- 
On the basis of the 
pathological and experimental data 
at his disposal, he concluded that 
both and cortical 
influences through a 
brain, 
which is probably located in the hy- 
and perhaps extends 
into the thalamus and midbrain, and 
further, that as lon 


ness of choice. 


sensory-atferent 
must work 
“wakefulness center’’ in the 


pothalamus 


gy as the wakeful- 
it Maintains the 
waking state by its influence on the 
brain as a whole. He recently reit- 
erated these conclusions (100). 
Experiments by Magoun, Linds- 
lev, and their colleagues indicate that 
the brain stem 
(BSRE 
wakefulness center as postulated by 
The BSRE is located 
ventromedially in the brain stem and 
extends from the medulla through 
the pons, midbrain, sub- and hypo- 


1 


ness center is active 


formation 


fulfills the re juirements of a 


reticular 


Kleitman. 
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thalamus, and into the ventromedial 
thalamus. Thus it occupies the ap- 
proximate position predicted by 
Kleitman to contain the wakefulness 
center, but is somewhat more exten- 
sive than he predicted (133). 

In some of the experiments of 
Magoun et al. observations of EEG? 
changes were substituted for observa- 
tions of behavioral changes because 
of the close relationship between par- 
ticular EEG patterns and the vari- 
ous stages of the sleep-wakefulness 
evele 
ness, and light and deep sleep 


alertness, relaxation, drowsi- 
121). 
The general scheme and sequence of 
patterns is very similar among the 
higher vertebrate species. The EEG 
of an animal drowsing or asleep is 
“hypersynchronized,”’ that is, char- 
acterized by the presence of distinct 
slow waves than 8 eps in 
man) and frequently also rhythmic 
faster activity “spindles’’). 
When the animal is awake, but re- 


(slower 


(sleep 


laxed, the EEG is dominated by a 


rhythm of intermediate frequency 
(8-12 eps in adult humans, the well- 
known alpha rhythm When the 
animal is alert the EEG is desynchro- 
nized, that is, rhythmic activity tends 
to disappear and is replaced by low- 
voltage fast (beta) activity. Magoun 
and his associates have used the term 
activation the 
desynchronized EEG and have called 
behavioral arousal or alertness be- 
havioral activation (126, 127). These 
terms will be used in the following 
discussion. 

Direct electrical stimulation of the 
BSRF in relaxed or somnolent cats 
results in activation of both the EEG 
and behavior (141). On 


pattern to describe 


the other 


? For simplicity’s sake the term EEG will 
be used in this paper to refer to all recordings 
of brain-electrical activitv, whether rhythmic 
or transient, and regardless of the location of 
the recording electrodes. 


hand, progressively more rostrad sec- 
tioning of the BSRF results in the 
progressively more prominent ap- 
pearance in the EEG of hypersyn- 
chronous activity, very similar to 
that seen in normal sleep, with cor- 
responding behavioral somnolence 
(126). After bilateral lesions of the 
hypothalamus, which the 
ascending neuronal relays funnel 


(175), hypersynchronous EEG ac- 
tivity | 


through 


and can be re- 
ortex and the 
intralaminar nuclei of the thalamus. 


is persistei t 


corded both from the ¢ 


This effect of hy pothalamic lesion can 
be demonstrated unilaterally: if the 
lesion is confined to one side of the 
hypothalamus, hypersvncehronous ac- 
tivity persists only over the ipsilat- 
eral hemisphere. 
bilateral 
with = rostral-midbrain 

BSRE, remain somnolent 
they survive, and hypersyvnchronous 
activity persists in their EI-G's (127). 
If some of the BSRI 
ever, 


eats with 
hypothalamic lesions, or 


Chron 


section o} 


as long as 


is spared how- 
PheG 


with 


there is a tendenev for 


patterns to normal 
time (107). 

It is clear from these results that 
the BSRE is essential to the mainte- 


return to 


nance of the waking state under nor- 
mal conditions. The next problem 
is that of the relationship of reticular 
activity to the afferent sensory ac- 
tivity which is capable of effecting 
the arousal of a 
under normal conditions. 


somnolent animal 

If sensory end organs or peripheral 
herves are stimulated, sper itic elec- 
trical responses can be recorded in 
the BSRE but not in adjacent struc- 
tures other than the classical sensory 
pathways and relay nuclei (176). 
This indicates the existence of col- 
lateral innervation of the BSRE from 
the long sensory afferent tracts (the 
medial and lateral lemnisci, ete. 
as they pass the reticular formation 








LR 1] \ 


in the brain stem, especially in the 
region of the medulla, pons, and mid- 
brain. 


After 


strong 


the BSRE, 
stimulation results 
in transient behavioral and EEG ac- 
tivation, but activation out- 
lasts the stimulus by only a few sec- 
onds (126 


pulses arriving in 


transection of 
sensory 


such 


Pheretore, sensory im- 
the forebrain (thal- 
initiate the 
state ol arousal, but arousal cannot 


amus and cortex) can 


be maintained in the absence of the 
BSRE. 

Stimulation of animals with intact 
BSKk’s, but with interruption of all 


tracts In the midbrain rostrad 


st SOrY\ 
try of collaterals the 
ved ERG and 
though 
] 


] : 
* detected 


of the e1 
BSKI 


} . ! . ' 
behavioral ACTIV LT Hn, even 


-results in prolo 
ho arrivilhy 
in the 
the 


1h] 
appropria “ i ! area DI 
cortex and 

>to the stimult do not occur 
coudi- 


lese rib dl 


projection s ure inta 
sensory pathways 
LSKE. 


The CNM riments che Cl 


as the level of the 
ibed 
Some ot 


thus 
lar Were perlorm don cats. 
them have been repeated on monkeys 
with the same results (53, 54), except 
that the 


plete destruction of the cephalic por- 


latter do not survive com- 
tion of the brain stem. But in mon- 


kevs even incomplete lesions resulted 
in more profound somnolence and 
greater EEG hypersynachrony than 
was observed in cats. Unless much 


of the reticular substance was spared, 


tailed 
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even intense peripheral stimulation 
to elicit either -behavioral or 
EEG activation. In man clinical 
observations that destruc- 
tion of the reticular system of the 
brain stem or its isolation from higher 


survest 


functional areas results in prolonged 
somnolence, just as do similar ex- 
perimental lesions in cat and monkey 
51, 88, 99, 179). 

Taken together these findings indi- 
that a main- 
tained activity in the BSRE accounts 


cate bing keround of 
for the maintenance of wakefulness, 
while reduction of its activity precipi- 
somnolence or un- 
The BSRE 
the activation of the forebrain which 
is associated with alertness following 
stimulation. It is a 


tates a state of 


mediates 


CONSCIOUSHess. 


SENSOry moot 
question whether consciousness as a 
psve hological state, in man at least, 
is possible without the cortex. It is 
that the BSKI constitutes a 


because of its 


lilke ly 
wakefulness center 
influence upon the activity of the cor- 
tex. Further, in with 
Kleitman’s hypothesis it would be 
expected that impulses from the cor- 


accordance 


tcx, aS W ell as those from peripheral 


reticular 
Kleit- 


choice. 


excite the 
formation, resulting in what 
man calls 
Phis has recently been demonstrated 
by French et a/. (52) in the monkey, 
where it was shown that stimulation 
ol ce ain 


receptors, can 


“wakefulness of 


cortical areas produced 
electrical responses in the BSRF. 
The role of the thalamus in sleep 
has also received attention, During 
sleep, bursts of mixed fast and slow 
electrical waves can be recorded al- 
most simultaneously from the thala- 


126). While a deti- 


interrelationship between such 


mus and cortex 
nite 
cortical and thalamic activity. ap- 
pears to obtain under normal condi- 
tions, burst activity in those struc- 
tures is in reality at least semi-inde- 
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pendent (44, 82, 91, 105, 113), 


whether the thalamus 


and 
dominates 
sleep is an 

that it 
do so is tound the 
experimental induction of eep by 
tha- 


the cortex during open 


question Some imdication 


Mav reports ol 
electrical stimulation of certain 
lamic nuclei (3, 75, 76, 136). 
The picture which emerges then 
is this: In the sleeping animal large 
areas of the cerebral cortex are in- 
undated by great waves of electrical 
thousands of neurons beat- 
\ ditt 
system part 
Afferent) sen 
pulses can reach the prin 
but their spread) appears 
blocked. The bSKF is relatively in 
active, and apparently 
sensitive to afferent set 
When the 


(nun.ber of 


ACUIVITN 


svuchror \ isely | 


meg nN 


roirect- 


ing thalamu 


this activity 


relatively in- 
sory impulses. 
flow of afferent impulses 
impulses per unit time) 
when the 
hold of the BSRF is 


becomes supraliminal, o1 


excital ilitv thres 
for exan pleat 
LSKE 


l initiates 


reduced, as must occur 


the end of a night's sleep the 
is stimulated to activity an 
a flow of impulses into the forebrain. 
The hypersynchronous electrical ac- 
tivity ot the 
rested and ts replace ed by low-s oltage 
fast activity and alpha waves, as is 
LLG. 


receive l, trat 


forebrain is thereby ar- 


Sensory impulses 
sn itted, and 


T} S animal 


seen in the 
are agall 


rated in the 


rT teg cortex 
is awake and alert 
This formulation leaves some ma- 
jor questions unanswered—such as 
what factors are responsible for the 
but alterable, 


of such processes in 


regular, cyclic varia- 
time—but 


nervous mechanisms of 


tion 
the central 
the cycle have been greatly elucidated 
by these studies. 
SENSATION 
The and often the “offset,’ 
of a stimulus may be tollowed by one 
or both of two classes of cortical re- 


onset, 


sponses: (a) transient evoked poten- 


tials, and (h) back- 
| 


changes in the 


ACTIVIES patter! 


vroul 


L:voked Potentials in Man 


Recording evoked cortical poten- 


tial changes from the scalp is not as 
satisfactory as recording them from 
the exposed cortex, but in man it is 
the only available technique, 
at the time of exploratory brain sur- 
Such recording 


except 
gery. trom the scalp 
has however been repeat cly cle 
t only using heht flashes 
64, 137, 157), but al 
somesthetu 39 


stimulh and toll 


‘mONn- 


electrical stimulation 
(38, 40, 115 


oscillographs are usually Ne 


herve ray 
ssary 
a (38, 
ntials can 

bleG 
49, 55, 


to demonstrate such phenomen 
137) 


be rec orded 


, but some evoked pote 
using conventiot 
amplifying systems (28, 48, 
158). 
The method 

mining atlerent tran 
reaction-time experimet 
interaction of cerebral resy 
visual and auditory stimul 
demonstrated (181). The la 
be part of the physiological s rk: 


of sensory-interaction 


ee 


chcuuabiien a. 
The Effects Repetitive Stimulation 

Twenty vears ago Adrian and Mat- 
thews reported that repetitive visual 
timulation 


“photic flicker’) was 


capable of “driving” brain rhy 
at the frequency of the 
investigators 


thins 
Sev- 


con- 


stimulus 
eral subsequent 
firmed and extended these observa- 
tions (121). It has been reported that 
intermittent auditory stimulation 
can “drive” brain rhythms, but not 
nearly as readily 55, 61). 

There has been a recent revival of 
intense interest in the use of photic 
flicker stimulation 
the 


too 


as visual 


, stemming largely 


from work of W. Grey Walter 
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(203). 


mental instr 


As well as being an experi- 
i ument of interest in neu- 


rophysiology 


and neuropsychology, 
flicker stimulation has proved useful 
in epileptolos v, (57, 96, 153, 156 
will*not be concerned with 
this application. 


but we 


Stimulation Techniques 
FE Iv work w lone using tesdew 
<AriV Work Was qGone using a steady 
light source interrupted by a rotating 
sectored dis} Th 


\. 


‘quency of 

stimulation tried ’ varving 
lore 

rece! 

have 

light 

a few ¢1 ! 

stimulate all 

formly. Typica 

in EEG work 

88.000 car j 

microsecon 

freque! 

1-100 #1 

vers 


164, 199, 202). 


Standard EEG e 
to record ! 


cerebral 
stimulation. One chan: 


detected by a cell. 


Two recently developed accessory 


’ 
record the stimulus, which is usually 


photoelectric 
recording devices make the flicker- 
stimulation technique an even more 
powerful experimental tool: the au- 
tomatic, ink-writing frequency an- 
alyzer (103, 199, 201), for the data 
from which Gleser has recently de- 


veloped a method of statistical treat- 
ment (60); and the topos (29, 
30, 204, 206), by means of which the 


electric 


ope 


il activity of the brain is dis- 
played ona batt ry ol cathode-ray 


tubes. 


Physiological Effects 

The brain electrical re- 
sponse to repetitive light stimulation 
of the retina is the 


neural elements subserving visual 
function 


simplest 
occurrence in 


related structures, of 
‘d potential fluctua- 
uency 
nts will 
de- 


L the 
per second 


Valker 


lonly 


ial cortex 
macaque. 

Gastaut (506 both fron 
the subcortical the 
occipital lobe (through burr holes) 
and 


hun 


white matter ol 
, 


Irom the scait 
in subjects. Ele 


served following 


conditions rhyt! 


t 1m {« llo Vs 
the stimulus about 3 per 
second and up to about 25 per second 
(145). Evoked responses a! 
with flicker in the alpha 
band. Following 


down to 


e maximal 
irequency 
25-35 per 


Following 


v above 
(56, 145). 
at low frequencies is more easily 


evoked in infants (124, 199) and 


seco! | 1S 


rare 
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children (55, 199), and at high fre- 
quencies in old people (145, 199). 

In addition to the 
brain waves at the frequency of the 
stimulus (fundamental frequency), 
cortical potential fluctuations are 
often observed at harmonic or sub- 
harmonic frequencies (17, 56, 145, 
199, 202). For example, with a stimu- 
lus frequency ot j2 fps, evoked po- 
tentials mav occur at 24 per second 
or at 6 per second. Third harmonics 


evocation of 


and subharmonics are also seen. 
Evoked responses do not, however, 
always occur exactly at multiples or 
submiultiples of the flash trequency, 
but may deviate by plus or minus a 
few cps (199). 

The topographic distribution ot 
harmonic and subharmonic responses 
in the brain is often more widespread 
than that of responses at the funda- 
mental frequency, 
maximal in the occipital-parietal re- 


(145 Phird 


seen significantly more often aniong 


which are usually 


vion harmonics «are 
{ 
old people than among young adults, 


second subharmonics = significantly 
less often. 


Walter and Walter 


the regularity an 


reported that 
1 constancy of re- 


STM) 
I 


first few minutes of stimulation, while 


nses tend to increase during the 


anomalous responses tend to subside, 


and cite these observations as evi- 
dence of long-term recruitment and 
facilitation, and of extinction or 


adaptation, respectively (199 


Sensory Effects 


In addition to the primary sensa- 
tion of visual flicker, a number of 
illusory effects, both in the visual (13 
and 
noted. 
terest, for the revelation of the mech- 
anisms of such illusory effects may 
vield information about the normal 
functioning of the nervous system. 


other modalities, have been 


These are of considerable in- 


First the larger topic of visual illu- 
sions. 

Fusion. The best known illusion 
is that of fusion: above a certain 
flash frequency a flickering light ap- 
pears subjectively asa steady light. 
The lowest flash frequency at which 
this effect appears is called the criti- 
eal fusion (ctf which 
varies with a number of factors (13). 

A point of controversy is whether 
the mechanism of fusion is central or 
peripheral (retinal) (47). Halstead 
67, 194, 195) sug- 
vest that, since evoved rhythmie re- 
the visual break 
down at about the eff, whereas those 


lrequency 


and his ¢ olleagues 


sponses in cortex 
of subcortical and peripheral struc- 


tures follow the stimulus to higher 


frequencies, the fusion mechanism is 
Knox has reported 
that the subject's attitude can allect 
the cfft (109), and that simultaneous 
auditory “flicker” enhances the “ pro- 
of visual flicker (111 
these effects must be central. On the 
other hand he was unable to demon- 
strate an effect of auditory “flicker” 
on the ett itself (110). 

Brightness enhan 
lash 


a cortical one. 


NOU dh ess 


emeni. 


frequencie s, the Su 


I 

brightness of a repetitive light stimu- 
| lv light 
at about 10 


us ts less than that of a stea 
of the same ints nsityv, but 
{ps it 
known Bartley effect. 


brighter the well- 
This rate, 10 
per second, coincides with the fre- 


appears 


quency of the alpha rhythm. It is 
also the trequency at which maximal 
evoked rhy thmic responses ol the cor- 
tex both with light 
flashes to the retina and with direct 


are obtained 
electrical pulses to the optic nerve 
(13). Bartley concludes that ‘‘a ma- 
jor component of the optic-cortex re- 
sponse to light involves the same cor- 
tical elements as the alpha activ ity.” 

Synesthesia. In addition to evoking 
such previously reported visual illu- 
sions as pattern, color, and move- 








WAVES 


ment, which have been abundantly 
confirmed inp recent EEG 
(17, 55, 145, 188, 197, 199), 


tlicker stimulation sometimes evokes 


studies 
visual 


illusory sensations in other modali- 


ties. Kinesthetic sensations, such as 
and roll- 
ing occur fairly frequently during 


(57, 145, 199), 
isionally. Cu- 


sWaying, swinging, spinning, 
flicker stimulation 
Vise er il sensations oce 
taneous sensations (tingling, 


also re ported (199). 


tory, gustatory, 


prick- 
Audi- 
sensa- 

(145, 


report- 


ling are 
and olfactors 
rare, but do 
Syvnesthetic 


tions are 

199). 

° . 

edly associated with strong 

cortical re sponses in the region of the 

(199). 

Walter (199) attributes anomalous, 

be- 


responses 


occur 
eftiects are 
evoked 
appropriate sensory area 
nonvisual effects to interaction 


tween rhvthn rT evoked 


nd harmonically related spontane- 


he 


other circuits at 1 
Visual subrective ef- 
s he attributes to interference be- 


tween 


us rhythms 
! 


ATT 


le Ve l. 
lect 
evoked activity and spontanec- 
ous rivthms at the cortical and pos- 
sibly also thalamic levels. 
According to Walter and Walter, 
inv of effects of flicker 
stimulation and the evoked cerebral 


the illusory 
responses may be accentuated or 
diminished by the mood or mental 
cut tiVity of the subjec t. It the subject 
from 
his memory or imagination, the corti- 
cal electrical ore 
mented; if he inhibits the illusory 
the electrical 
diminished (199). 

In addition to visual illusions and 


reinforces the illusory effects 


‘sponses are dug- 


effects responses are 


svuesthesias, outright hallucinations, 
teelings of pleasantness and unpleas- 
and states mav be 


imtness, anxiety 


provoked In some subjec ts. 
Background Activity Changes 
Changes in background activity 
of the cerebral cortex following the 
onset of a stimulus depend upon the 


IND PROBLEMS OF PS) 


CHOLOG ) r) 


activity pattern present at the time 
of stimulation (114), which in turn 
is related to the condition of the sub- 
ject. 

The best known of these effects is 
blocking of the alpha rhythm (121). 
The alpha rhythm, which is most 
prominent when the subject is re- 
unstimulated, is sajd to 


laxed and 


block when it ts noticeably reduced 
Although 
of anv modality can block the alpha 
rhythm by olfactory stim- 
ulation being the most recently dem- 
onstrated (4)—visual stimuli are 
Clearly the most effective. This, to- 
gether with the facet that the alpha 
rhythm is of highest voltage in the 


occipital region, has been taken to 


in amplitude. a stimulus 


re ( ku 7 


imply that the alpha rhythm is more 


related to) visual 
than to other sensory processes (1 
After initially blocking at the onset 
the alpha 
rhythm may reappear (especially if 


( loselv processes 


of a continuous stimulus, 


the stimulus is monotonous or not 
meaningful) and then block again at 
the “‘offset’ of the stimulus. These 
phenomena could be related to the 
“off,” as 


elements 


presence of ‘on-off and 
well as continuously firing, 
in the optic nerve. Further, the alpha 
rhvthm mav block if the 
merely imagines a stimulus, or if he 
concentrates abstract prob- 
lem. Alpha blocking has thus been 
interpreted as related to attention to 
in to stimulation per 


subject 


on an 


stimuli rather th 
sc. 

When low-voltage fast activity 
than the alpha rhythm pre- 
dominates in the EEG, the 


oltset of 


rather 
as When 
animal is alert, the onset or 
a stimulus is followed by no change in 
the background On 

other hand, if the animal is drowsv 
or in) light sleep, the onset ot 
lus may be followed by the appear- 
ance of the alpha rhythm. Continu- 
ance of the stimulus (especially if it 


activity. 


a stimu- 
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is not of great intensity and is monot- 
onous) may be followed by the redis- 
appearance © the alphz rhythm and 
the re teri 
drowsine If however the 
stimulus 1s; ition-getting, and the 
fully sed, the 
fast typical 


8) 
Wii 


animal ts low- 


voltage 


aro 
the 


the 


pattern of 
alertness 


Ind 


es no Chal 


state of replace 


a stimu 


alpha rhythm. tim 
lus produ 


une >> it 


“ry c! ert 
CD )? 


is of ext! 


\ 


ii s. 


eived most 


ral « 
ae ad- 


iggested that, 
ippears to be 
With vision 
other tunctions, it might 
excitation 


iS ial 


f the cortex, and 


rnative form of 


with afferent \ 


able sus to 

divert our a 
ns 

ull 


ttent 1 from visual stim- 


and yet to keep the u 


neo unied 
t t¢ Vv! ‘ 


le who do 

thm at all 

t with- 

én raw some d 


Visual field 


ion to the 


awake.” 

An early finding asper and 
Cruickshank (85) appears to support 
Adrian's hypothesis. They observed 
an inverse relationship between the 
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strength of the alpha rhythm and the 
visual aft the 
waxing When the rhythm 


streneth of erim 


ages, 
afterima 


ges 


} 


waned, and vice ve 
Walsh (197) ur 
mental test 


lie 


rs 
wlertook an experi- 
Adrian's hypothesis. 
reclining 
small red 
dots pre- 
ally. Ability to 
s did not appear 
the 
alpha rhythm. He then exposed his 
subjects alternately to trai 
} 


vl 


exposed subjects, in 
lat < nd 


light, to 1-10 


sented tac] oscopi 


kness fixating a 
luminous 
hist 
recognize the patter! 


‘ 


Lo depend on the amplitu le of 
s of clicks 
les, he amplitt f the 

wa 


4] 
i 


as 


counting flashes. 
luded that his results 
' i 
port the Visual atte! 
An Hypothesi 
as a Sensory T1 


The alpha rhythm 
from the scalp cons! 
nized tial 


aggregates ol cor 


nro- 


pote! hhuctuations in par- 


ticular tical neurons. 
These potential fluctuations probably 
“represent synchronized oscillations 
in membrane potentials, possibly in- 
ving interneurons and dendrites 
the 


which 


1 
Vol 
atrix, Wlations 

etiect 


but not 


mn cortical n 
h ive 
} 


neuro i 


would 
upon EXC] 
lependent upon net 


(119 


lischarge 
The 
bility-cycle assumption is supported 
inferentially by ‘ntal 
lence of Dartley ; Bishop 
Bishop (18), and Bartley (12), 
more directly by that of Chang 
27), Gastaut et al. (58), 

(138) not 


validit { the excita- 
evi- 
(14), 

nd 
(25- 
Morin 


ver 


experime 


and 
hows cer- 


bility 


excita 


the alpha rhythm. 
Assuming, for the 
ment, that the alpha 


sake of argu- 
cycle actually 
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does represent an excitability cycle. 
it has been proposed as a means of 
coding or tim 


scnsory impulses, 
“in order that our perceptual world 
and our reactions to it are not dis- 
torted or smeared by the more or less 
continuous intlux of sensory stimuli” 
(124). mechanism is 
relatively simple. The probability 


hat incoming impul juse a 


‘he proposed 


y ! ; Will ¢ 
on to fire wil 


! 


t h the phase 
of the excitabil 


newer 
eu 


lhose 


phase of lowers 


less likely to do so. 


bili 


‘ 


a group 


vcles o 
! then 


P 
ished three 
' 


iss1e- 


Kinds ot uronal discharges, cl 


according to their relation to nore 


rhythms: (a) spike dis- 


brain 


| ed 
mal 


cl irges entireiy i pena nt of 


l nor- 
mal corti as alph i}, 
dischary iss ited witl tain 
eous rhythms, 

sof discha ges as- 

surface-positive 

evoked potentials In ser ory areas 
The vast 
all cortical neurons be- 


Neurons of 


ae 
stimulation, 


followin 


majority ot 


A major objection 
1 


: ‘ 
on of the alpha a uming 


catl 
mechanism is that the alpha rhythm 
blocks during the reception of stimuli 


to which the animal is paying atten- 


Cli 


tion. This objection is met by d 

ing a distinction between the alph 
d alpha activity (124). 
The alpha-a v cycle is presumed 
to be a basic mechanism of the 
vidual brain cell, it ily 
in syn- 
voltage 


rhy thm al 


indi- 
when 
thousands of cells are < ng 
chrony that nt 
summiati 
alpha rhythm. <A 
EI G, as when t 


there IS SUT len 
to produce a recordable 
low-voltage fast 


he subject i 


the standart! 
‘tailed discu 


| paper (124). 


| 


, re 


> x - PD r 
INESPONSE LT ROCESSES 


eta bl 
scribed to the 
of the part moved, 


Alpha Blocking 

lime 

Simple motor reaction times to 
light have been found to vary from 
173 - mince 


Spornse 


about 


bot] 


150 to 500 msec. 
il the | 


alpha bloc] 
motor reaction 

the n 
latencies are of the 
would seem reasonable that they are 
somehow related Several 


same _ si 


same order, it 


studies 
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have had a bearing on this question 
(5, 65, 102, 173, 183, 185). 
earlicr studies, cited by Lindsley 
(121), indicated that lateney of alpha 
blocking is reduced slightly by an 
associated motor response, llowever, 
correlations between alpha blocking 
times and motor reaction times, rang- 
ing from .37 + .09 (85) to 19+ .05 
(102), did not clearly indicate a sig- 
nificant relationship between the 
variables. Further, 
times are sometimes loi 


than 


two 
alpha blocking 
Cl and some- 
times shorter motor reaction 
times. 

The most recent study in this are 


173). Iie 


that mean motor reaction tin 


is that of Stamm 


creased systematically and si 
cantly und certain experimental 
iti I Limes 


Thi 


tWo 


“dl come 
correlation s between 
sures varied TW’ 
(o's 152 
every CoO 
subjects who re 
of the time with . 
long t| 
conclude 
and alpha 


ures Ol 


tems. 


times. 


" reaction 
d that motor 
blo« kin dre mic. 
} 


tially independent 


! 
reaction times 
v tiles 


Cssel 


The hy pothe sis that alpha «tt tivity 


may serve as a means of timing sen- 
the brain has 


It has 


sory impulses entering 
already been presented, ilso 
been proposed that it may serve as a 
means ol timing motor in pulses leav- 
ing the brain and that these functions 
may be coordinate. 

Wibbler and his 
98) concurrently recorded the 
and various voluntary 


07, 
LEG 


muscular re- 


co-workers 


sponses to auditory stimuli. Plotting 
responses against phase of the alpha 
rhythm, they found that the proba- 


The 
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bility of a response was not randomly 

distributed in but 
showed peaks and troughs re 
about 10 times a second j 
} 


1) ~¢ 
prilise 


time, rather 
urring 
kecurate 
with the alpha 
Bates (15) similarly found 
for voluntar\ 
movements to be initiated alway 

the ph ise of the 


relationship 
rhvthm. 
a significant tendency 
the sume point i 
alpha Wave. 
Meister (135 

corded | IG ind s«lt ¢ vclic CVE THIOWVG 
subjects. \it! 


readable Uric i us 


concurrently — re- 


Ments im our 


ouch 
cult to 
alpha blo sade by 


, his data al nah 


were ditt 
obtain because of 
Vi ] stimulatio sO mice 
t relationship be- 


sual 
cated a sivnilie 


between the mnception ot eve move- 


ments and the phase ot 
parietal alpha Waves. 


} 


he results of these 


port the hypothesis that 
rhvthm (or alpha activits 
timing the outt] 


Teas oO 


Hipulses trom the br 


PERCEPTION 


Devising theoretical on 


CoOpre >} 


physic il processes Corie 
mental processes is usetul to the 
chophysiologist only jisotar 
models predict how the brai 
actually operates, OF vive rise to 
structive suggestions for future 
MackKav has offered an ex 
usetul 


gies (132). 


theoretical 1 eural 


cussion OL the 5 Oo 


} 
’ 
I 


machine 
Several 


ana 


have been devised which 
plinations ol perceptual pl 
Only 


those which involve the 
rhythm will be discussed 


A Scanning Iypothe 
ite dl the 


Grey Walter has | 
need for a mechanism in the space 
receptor areas of the brain, “whereby 
the field could be 
continuously in such a way that the 


detailed bits of information they con- 


sensory scanned 
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tain could be conveved to a central 
assembly by channels, 
another 
for appropriate action to be taken” 
202). One characteristic of such a 
ing mechanism would be that 


onlv ai few 


there to be related one with 


scannl 
“on the instant that a signal appeared 
on its beat it would be halted, and 
its position at the check would con- 
vey to all other regions the relative 
the detail of 


pattern 


sensation. 
appeared, 
( he« ks 


L Spec ial 


position ot 
When 


1 
the 


al comple \ 
succession of runs and 


would repeatedly 


which was constant 


convert 
during 
a single 


sweep. Lita at 


ignals on a base of time, so 


ion contaimed in 
= 


sense Can be 
Nvever 
code of un 
on a ' 
Phe price of such parsimor 
reception speed is) lim 


sweep Trequenc) changes 


which occur ore frequently 
movements which cover a great dis- 
‘in the time ot the sweep will re- 
in smearing of the pattern. In 
ignals which 
duration of the 
about 1 fre- 
will give the illusion of move 


nd 


ken on the basis of i 


ldition “intermittent s 
horter than the 


but recur at 


also, i action ts 
iforma- 
received from the field scanne 


the outflow of 


centrifugal mes- 
sages must be to some extent regu- 
lated by and svnchronized with the 
time base on which the centripetal 
ones are co lead 

Walter goes on to propose that the 
alpha 


scanning mechanism. It 


suc h a 
is immedi- 


rhythm constitutes 
ately apparent that this hypothesis 


accounts for some of the observed 
phenomena already described in this 
paper: alpha blocking at the onset of 
the movement 


during flicker stimulation, and 


illusion 
the 
synchrony of the alpha rhythm with 


stimulation, 


voluntary move- 
The hypothesis can also ac- 
count for the upper time limit for per- 
pattern (1/10 
and for the phenomena of apparent 
Walter has reported, as 
would be expected from the hypothe- 
sis, that in 


‘ 


the initiation of 
ments. 


ception ota second) 


movement, 
persons who employ 
‘vivid and plastic visual images” for 
mental the 
discontinuous and 


pha rhythm is 


tasks 
freque! cy inalv- 
ses of the alpha rhvthm are complex 
and variable (203 ° 
Pitts and MeCulloch 


ently conceived of a s¢ 


independ- 
inning-mecha- 
alpha rhythm (155). 
They showed that a circuit 
could be drawn, 
which could extract from a pattern of 


nism role for the 
resem- 
ling a nerve net 
irlant character- 
for example, in vision shape 


stimuli certain inv. 
istics 
regardless of size or in audition 
chordal structure regardless of pitch), 
“ 2 excited to 


were rhythmically 
‘scan the group oft 


through’ g 
formations with respec 
characteristic Was invariant. 
Culloch and 
els’ were 
the 


trans- 
t to which that 
Sic 
Pitts’s nerve-net mod- 
ranged in layers (as 1 
cortex) and thet 

that 


cerebral hy- 
rhythmic 
p and 
‘ough the lavers. They felt that 
the alpha rhythm satisfied the 


pothesis re 


sen ] 
| juIred 


down 


quirement, over-all scanni 
hypothesis is in a number of respects 
similar to Walter’s, and MeCulloch 
cites manv of the same data in its 
support. 
Walsh 


197), 
Mackay (131 
tested 


leductions from the scannis 
hypothesis. 


O'Hare (147 


have experini nta 


Walsh's: deducti 1 


as follows. a 


ms and 
results are Reaction 
time should varv with the amplitude 
or the phase of the alpha rhythm at 


For details and related specul tt! 
or vin il paper 155) and MeCullo 
Svmposium paper and the dis 


followed it (130 


which 
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the moment of stimulation; it did 
not. (6) Visual threshold should also 
so vary; it did not. (« i 


Reaction time 


scatter should not exceed 0.1 second: 
it did. (d) The distribution of reac- 
tion times should be rectangular; it 
was positively skewed. 

O'llare repeated part a of Walsh's 
study using a larger number of sub- 
jects and measuring both visual and 
auditory reaction times. 
tained negative results. 

Mackay argued tl 
Variance were in fact 


transformation of the size 


He too ob- 


“if size-in- 


rat 
secured a 
rhythmic 
of the mapped visual image in the 
occipital cortex at 
quency, then it would be not unrea- 
look 
stroboscopic effect if the subject were 
presented with a visual image that 
was itself fluct 
about the same rate.’ He 


deduc tion ust! 


the alpha-fre- 


. 1 : . , Lean 
sonable to for some kind of 


lating in size at or 


tested this 
t Spce halls 
“‘pattern-generator.”” The predicted 
results were not obt uined, 

Ma Kay concluded that these fail- 
ures do not disprove the scar ning hy- 
pothesis, but they “appear to cir- 
cumscribe the attributable to 
the alpha rhythm in such specula- 
tions.” 


ck signed 


role 


rception ITyt othesis 


’ scans a Vis- 
hat tield do 
or smeared but 


] he 


noving ac 


same 
1 
ross the 
On 
the other hand, when the eye moves 
involuntarily, as when the eyeball is 
pushed with the finger or 
nystagmoid movements of 


: ‘ 11 
Visi i new 


visual field of a stationary eye. 


during 
‘ 
vestibular 
origin, the 
move 


appears to 
and objects appear blurred. 


Because he finds it lifficult TO CX- 
plain these phenomena in terms of a 
Visual im- 


pulses) are transmitted continuously 


system in which data 
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from the retina to the visual areas 
of the cortex, Meister (135 
posed that retinocortical transmis- 


has pro- 
sion is not continuous, but rather, 
that there exists a 
‘neuronic shutter mechanism" 


intermittent; 
. whi h 
allows visual data to reach the cortex 
in ‘discrete units.’” The basic mecha- 
nism is that of summation in which 
the nerve elements responsible for the 
alpha rhythm summate with retino- 
cortical impulses at a synaptic trans- 
| 


‘either su 


mission point. e locus of such a 


' ‘ 
beortical 


1 
mechanism may b 


ety ] y 
COTvUcal, OT 


gen ulate?) or 
both. 
Meister's formulatior 


voluntary and saccadic 


perhaps 


1 requires that 
eve 


ments be so synchronized 


move- 
with the 
shutter mechanism that retinocorti- 
cal transmission occurs only when the 
eve is statior ary. (this Stu ly ol alph t 
phase at the initiation of 

eye 


movements, uready cit Was 
done in this co 


Meister 


o « . 
his neuronk 


nection 


draws an analogy betwee 1 


shutter mech: 


1) 


ae 7 
tiiisili 4 


an 
a motion picture camera which moves 
when the lens shutter is closed and is 
when the shutter is 

Thus the 
visual field and smearing are avoided. 


how the hypothesized 


stationary 
opened. movements of 
lle also shows 
wrlhinntem can eenlain the nhieu 
Mechanisnhi Can explain the pnenom- 
ena of apparent movement, gan 
movement, the 
Charpentier’s ba 


orders of the system may ac 


| 1] 
S| One 


count 
for such pathological phenomena 
illusion at 
nocular diplopia and polyopia. 

The similarity of “shutter” 
hypothesis to the timing and scan- 
ning hypotheses is 


the qui k motion 


1 
this 


apparent. It is 


interesting tO note that these similar 


inde- 


arrived § at 
pendently and that many of th 
data from the literature 
cited in support ot them. 


Lindsley (124) has cited Meister’s 


hypotl ses We! 
‘same 
have bee I 


} ‘ 
eC€acih O18 








BRAIN WAVES AND PROBLEMS OF PSYCHOLOGY 13 


hypothesis as an example of the ap- 
plication of the broader timing hy- 


pothe SIS. 


Comprex PROCESSES 


A Diffuse Thalamic Projection System 
work has revealed the 
existence of a diffuse thalamo-corti- 
cal system, separate from the better 
known specific projection systems, 


Recent 


and has determined some of its rela- 
parts ol the 


tionships with other 
brain 

In the early 1940's 
Dempsey (41, 42, 139 


ng electrical waves 


Morison and 
reported re- 
trom wide- 


areas of the cortex during low- 


frequency repetitive electrical stimu- 


internal 
the thalamus 
exhibited 


ition in the vicinity of the 
medullary lamina of 
These responses recrult- 


that ts, 
plitude with the first 


ment thev increased am- 


few stimuli 
otentials were simi 


8-12 


Dhese recruiting | 
lar to spontaneous cps poten- 
tials in a and 
Morison and Dempsey suggested that 
they are identical. Since World War 
of Morison and Dempsey 
has been extended, principally in the 
68, 69, 79, 


(174, 177, 192, 


number of respects, 


Il the work 


laboratories of Jasper (2 

82-84) and Magoun 
193 
For cle 

ther 

the | ust cited 

alled the 

tures involved in recruit- 


clements of 
these struc 
ing responses the ‘thalamic reticular 
system.” 

Physiology. Single electric pulses 
delivered to the thalamic reticular 
system evoke rhythmic bursts of 8 


12 per 


| second Waves 11 the corten 


Repetitive stimul: at 8-12 per second 
ned by augmentation ol 


the natural cortical 
evoke 


at 4-5 per 
! 


double responses (at 8-10 per second 


are accom pal 
rhythm. Stimuli 


second tend to 


and slower stimuli even triple re- 


sponses. Stimuli at 15-20 per second 
tend to evoke responses only at ever Vv 
other 


pulse Stimulh at 30-50 per 


the recruiting re- 


second suppress 
82).4 Simultaneous stimula- 
the BSKE 
reticular system results in suppres- 
sion of the recruiting response (69). 

If the thalamic reticular system is 
stimulated strongly, it tends to func- 
tion as a unit, evoking recruiting re- 
sponses in all or cortex 
just-adequate 


(177). It, 
stimuli are delivered to discrete, por- 


sponse 


tion of and the thalamic 


most of the 
however 
1 
tions of the system with small bipolar 
more discrete 


electrodes, projection 


to the cortex can be demonstrated 
69, 82). 

All recruiting phases of the recruit- 
1 origin, that 
the thala- 
the cortex and 


‘ 


ing response are Ol loca 
is, recruitment occurs in 
mus ndepr ndently of 
vice versa (69, 192 

b li Vi dl to 


phenomenon 


Each local re- 
sponse 1S represent an 
oscillatory de veloping 


The 
from 


} 
al iy closed chat ot 


neurons. 
time relations of the responses 
deep structures and those in the cor- 


tex of the intact brain suggest how- 
ever that the processes are closely re- 
lated. Verzeano et al. (192) 
hypothesized a complex of reverber- 


sisting of intra- 


have 


ating circuits, co 


' } eh t ‘ert 
cortical an Makamic reverDere- 


Cire lamocortical 


ating 
and corticothalani unections be- 
tween them, to account lor the condi- 
tions observed. 

Functions of the diffuse thalami 
projection system. It seems to be 


agreed among those who have been 


‘Jung and Riechert have recently 
strated trnent mena ti 


id intral 


vy A frequency 40-100 per 

nd) stimulation (90). Hassler and Riecher 
however were able to produce behavior 
arousal with high-frequency stimulation of the 


ntralaminar nuclei or centre median (71). 
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investigating this system (69, 82, 
83, 84, 177) that, because of its struc- 
ture and its connections and func- 
tional relationships with the cortex 
and deep brain structures, it is ideally 
suited to function as a central inte- 
grative mechanism participating in 
such functions as learning and think- 
Jasper and Ajmone-Miarsan (84 
suggest that it can regulate the ar- 
rival and the elaboration of impulses 
within the sensory receiving area ol 


ing. 


the cortex, and since the action of 
the thalamic portion of the system 
can be limited to one sper ific svstem, 
a mechanism for the central coutrol 
rested. 
Adrian's 
{; bove 


of attentive processes is sug 


This is a general form of 
visual attention hypothesis 
but one which does not 
Walsh’s negative experimental re- 
sults. Hunter and Jasper (79, 82) and 
Ventield (152) believe that the diffuse 
thalamic system is also involved i: 
the genesis of some kinds of epileptic 
seizures. 


suffer tron 


Conditioning, Learning, and Memory 


Blockin 


Conditioning of the Alpha 


Response 


It has been denion- 
strated that the alpha blocking re- 
sponse can be conditioned (80, 87 
106, 116, 128, 140, 143, 144, 184). 
The usual procedure is to use a weak 
stimulus as the conditioned 
stimulus (CS), which by itself 
usually does not elicit alpha blocking 
A light is the unconditioned stimulus 
(UCS). After only a few pairings of 
CS and UCS, the alpha rhythm will 
block to the CS alone, constituting 
the conditioned response (CR). The 
criterion of conditioning is usually 
2-5 CR’'s without UCS. Extinction 
is relatively rapid (87, 128, 184). 
Jasper and Shagass (87) estab- 
lished CR’s in 20 trials with 10 sce- 
onds delay between CS and UCS: de- 
layed CR’s were always anticipatory. 


re] eated|s 


sound 


one 


The longer the delay the more trials 
I Yelaved 
conditioning was also reported by 
Morrell and Ross (140 
(80). Trace conditioning 
established with 4 delay 
(106) and 9-10 seconds delay (87). 
Differential condition ce (80, 87, 
140, 144), and evelic and backward 
(87) have 
but 
tioning required 100 trials to a eri- 
terion of 2 consccutive ¢ 
UCS. 
Shagass 165 condit 

alpha blocking response to 


tary CS (fist clenchi 


were needed to condition. 
and Iwama 
has been 


SCCO! ds 


conditioning also been 


den onstrated, ba kw irl. condi- 


R's without 


ioned the 
a volun- 
ng) in 7 of & sub- 


Is to a cri- 


The number of tria 
terion of 5 CR's without UCS varied 
from 8 to 138. Sh. 
(167) 
curve 


jects. 


gass and Johnson 
the 


a CR, using a pre- 


showed that acquisitio 
for such 
cedure in which half of the trials were 
accelerated 


+ +} 
ot the 


tion curve. .\equisition a 


reinforced, was an one, 


nearly the nmurror image EXIM 
nd extine- 
tion curves were similar to those ob- 
tained when peripheral responses are 
conditioned, 

Lautberger (116) reported condi- 
tioning the alpha blocking response 
CS and UCS i 


The CS cor 


using imaginary 
about 100 trials. 
ot thinking of the nonsense svilable 
“hi” the UCS of thinking of a light. 


mentioned 


sisted 


Extinction was not 
Motokawa 
recorded the 


(144 


EG during the acquisti- 


and Huzimori 
galvanic skin 
using bell as CS 
Phe 
distinguished 3 EEG responses which 
they termed 
(“Ep” te 
augmentation, and (¢ 
line deflections. 


a conditioned 


GSK 


tion of 
response 
shock as UCS. 


and faradic 


“excitation potentials” 


alpha blo king, 4) beta 
irregular base- 

‘| he last may have 
but the authors be- 
The first two are identi- 
ible with Magoun’s activation pat- 
tern. 

Motokawa and Huzimori observed 


been artifacts, 
heved not. 
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that the ‘Ep” response developed 
during the lf juisition ol the condi- 
tioned GSR, occuring before the GSR 
itself: it was more easily established 
resisted extinction 


as a CR and 


longer. During extinction the basie 
alpha rhythm appeared stronger than 
conditioni 


before or during Spon- 


taneous disinhibition during extince- 
in excita- 


During 


with 
Lobes. 


delaved 


tion Was associated 


tion pattern im the 


the cel period condi- 


tioning the alp! hvthm was un- 
usually strong; response 


the 


Was protracted 


occurred about 2 seconds: b tore 


peripheral CR, and 
through the period of the peripheral 


} 


response. The authors proposed that 


the peripheral CR is secondary to a 
{ CR o hic thre 


central excitatory 


response ral cort 


' 
COTM Pore it, while 


strong alpha rhythm 
the ot el 


1 ice 
Wadia Gai «t COT 


oe casehas ' 
t pert Hilti $e 


] 
” i 


hat »*Lilese 


pore posit 


Motok iWa 


lols have been reported. 


143 found 


} 
i 


that it is 
easier to establish differential condi- 
response than 


80), 
Motokawa’'s | tboratory, 


tioning otf the “I ~ 


of peripheral responses. Iwama 
worki lil 


establ > 


hed a delaved alpha blocki 4 


S, witha 
seconds. \t the 


metronome the ampli- 


sie a Metronome as 
period ri 0 
oOmnset Ol the 


tude ot the alpha rhvthm increased 
and at about the 
pl wed by beta activity. lle 
preted the initial alpha augmenta- 
tion as an indication of internal inhi- 
bition. Extraneous stimuli presented 
during the delay per od resulted in a 
long-lastu 2 tram ol beta waves (dis- 
After differentiation or 


established it 


inhibition). 


extinction were was 


found that alpha waves were well- 
ce veloped in the whole extent of the 
oscillogram (differential or extine- 
tive inhibition). 

Morrell and condi- 


(140) 


koss 


20th second was re-: 


liter-- 
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tioned the alpha blocking respotise to 
a buzzer (CS). The UCS was a flick- 
ering light. Reaction times to the 
light stimulus were obtained concur- 
rently with the EEG record, thereby 
measurement of cortical 
time each time the CR 
When the light stim- 
ulus was presented alter the CR was 


providing a 
conduction 
was reinforced. 
extinguished, the reaction time was 
found to be prolonged (up to S00 
msec.; pre-extincuion time 200-300 
isec. Ditterential inhibition 
sounding a whistle, the CR to which 
simultane- 
and delaved 
alpha to 


has been extinguished, 
ously with the buzzer 

inhibition (conditioning 
block after a delay of 6 seconds and 
then presenting the light in the inter- 
val the reaction 
assumed that 


i@ and corticomotor 


lengthened 
Phe 


retinocortical tin 


also 
time. authors 
time are constant and so the increase 
in reaction (ime is due to an increase 
transmission time. 
Vheretore they interpret their results 
the Pavlovian 


hypothesis that extinction of the CR 


tracortical 


s confirmation ol 
gives rise tO a process causing an in- 
in cortical transmission time. 


Crease 


MUNUINS Tra e 


Alpha Blocking and 


Knott et al. (108) sought to deter- 


blocking ot 


the the alpha 
rhythm during and tollowing a briet 


mine it 


stimulus might serve as a measure ol 
central il activity. which could 
be correlated with stimulus trace as 
postulated by Hlull. Phey measured 
the total peak-trough amplitude ol 


alpha Waves in mim. ior a number otf 


heul 


short intervals during the presetta- 


tion of a 3-second auditory stimulus 
and also following a 0.2-second stimu- 
lus. Vhe total amplitude obtained 
was divided by the mean prestimulus 
amplitude, vielding an amplitude 
ratio. The shape and duration of 
amplitude — ratio (plotted 
against time), when compared with 
plots obtained in earlier investiga- 


curves 
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tions of the CR as a function of the 
CS-UCS interval, suggested that cor- 
relates of Hiull's stimulus trace and 
perseverative stimulus trace are pro- 
vided. 


EEG Changes During Serial Learning 


Obrist (146) tested several corol- 
laries of a hypothesis that rate of 


learning is a function of the excita-’ 


tory effect of the stimulus upon the 
organism. Fifteen college students 
learned a list of 16 equated nonsense 
svilables to a criterion of one pertect 
GSR and EEG were re- 
corded during the learning trials and 
during a 3-minute nonlearning con- 
trol period. Central excitatory eftect 
was measured for each syllable and 
each trial in terms of summed 
GSR in log-conductance units and 
(6) summed alpha voltage, on the 
basis of previous experimental evi- 
indicating that 
arousal is directly proportior al to 
GSK and inversely proportional to 
alpha amplitude. 

Magnitude of GSR was positively 
related to (a) learning as contrasted 
with nonlearning, (4) individual rate 
individual rate of 
learning of single syllables, and (d) 
group learning. <A typical 
bow-shaped serial position curve was 
obtained tor magnitude of GSR when 
group means were plotted. 

Alpha significantly 
less (7-14) during learning than 


recitation. 


(a) 


dence degree of 


of learning, (c) 


rate of 


voltage was 
during nonlearning, and a positive 
correlation of .60 was obtained be- 
tween subjects’ alpha frequencies and 
their rates of learning, but there were 
no significant correlations between 
alpha voltage and (a) rate of learning, 
(6) number of correct anticipations, 
and (c) magnitude of GSR. 

Obrist concluded that his GSR find- 
ings lend support to the hypothesis 
that learning is associated with a 
high degree of arousal or attention, 


and that attention is maximal for a 
given group of syllables during the 
time when 
learning takes place. 


the greatest amount of 
“Contrary to 
most present-day theories employing 
concepts of inhibition, the GSK re- 
sults suggest an explanation of serial 
position effects in terms of a factor 
of excitation...."’ He also feels 
that frequency changes in EEG may 
be meaningfully related to the learn- 


ing process. 


A Neural Mechanism for Memory 


Some epileptic patients experience 
minor seizures, or auras preceding 
major convulsive seizures, which con- 

memory illusions (déjd vu, 
jamais vu) and/or memory hallucina- 
tions (dream-like auditory or visual 
trom the pa- 


These illusions 


sist of 


experiences derived 
tient’s earlier life 

and hallucinations differ from those 
reported by psvi hotics in that the pa- 


yuite aware Of their unre 


tient is 
however vivid they may be. 


lity, 
L pilep- 
re- 
vealed by the EEG to he in the tem- 
poral region, 

Penfield and his colleagues have, 
over a period of more than 


these cases are 


togenic foci in 


20 years, 
operated upon hundreds of patients 
with such psychic seizures and other 
(153, 154). 
During operation they have deter- 
mined the effects of direct electrical 
stimulation at thousands of cortical 
and subcortical points. The position 
of the stimulated points is recorded 
by photography, the electrical re- 
sponses of the brain by electrography 
with the recording electrodes on the 
cortex or in the brain substance, and 
the motor, sensory, psychic 
effects of the stimulation are re- 
corded by sound recording of the 
patient’s and surgeon's comments. 
The operations are performed under 
local anesthesia. 

In a number of cases memory 


forms of focal epilepsy 


and 
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illusions and hallucinations have been 
elicited by stimulation of the tem- 
poral lobe or the adjacent posterior- 
parietal cortex. They have 
been elicited by stimulation else- 
where. Generally auditory hallu- 
cinations are evoked by stimulation 
of the anterior part of the temporal 
lobe and visual from the posterior, 
but this is not invariable. Repeated 
stimulation of a given point will 
often elicit the effect over and over 
again, but sometimes hallucinations 
will change or a different memory 
will be evoked. Such instability of 
stimulation effects is not peculiar to 


never 


these phenomena, having been ob- 
served elsewhere in the brain, even 
in the primary motor cortex. 
Pentield has proposed (151) that 
the recording and retention of in- 
formation are primarily functions of 
the ‘‘memory cortex” (the temporal 
cortex of both hemispheres, exclud- 
ing Heschl’s gyrus and some portions 
of the inferior surface) in conjunction 
with a central integrating system. 
The integrating role is attributed to 
what he and Jasper have called the 
6: which is 
detined as “that neuronal system of 
the higher brain stem which has been 
in the past, or may be subsequently 
shown to have equal functional rela- 


centrencephalic system," 


tionship to the two cerebral hemi- 
this definition are 
included the BSRF and the thalamic 
reticular system, the latter of which 
at least hes connections with all of 
the sensory and language areas of the 
cortex. Cortical sensory areas are 
considered as way-stations between 
the periphery and the central in- 
tegrating system. 

According to Penfield’s hypothesis, 
summation and fusion of all types 
of sensations are achieved in the cen- 
trencephalic system, and from there 
they are projected to the temporal 
cortex of both hemispheres, where 


spheres.” Under 


they lie dormant. Recording is as- 
sumed to occur by synaptic facilita- 
tion produced by passage of 
impulses. Voluntary recall is etlected 
by impulses from the centren ephalic 


the 


system to both temporal cortices in 
pathways similar to those originally 
followed by the impulses that laid 
down the memory pattern. These 
impulses evoke the original pattern 
of cortical discharges, which runs olf 
as a time scries. 
may evoked 


Specitic patterns 
also be by epileptic 


discharges in, or direct electrical 


stimulation of, the temporal regions 
of the brain. 

The this 
hypothesis were made by Lashley 
during the discussion of Penheld’s 
paper (151). (a) Bilateral removal of 
the temporal lobes in animals does 
not completely 


since they can be 


following objections to 


memories, 


abi lish 
recovered spon- 
tancously, and therefore memory 
cannot - stored exclusively 


in the temporal lobes. Che sn 


traces 


neurons in the thal 
nucler and the ce 
tem and the paucity of inter 

make it ditncult to attribute th 
mediation of complex functions to 
those structures. 

To these arguments Penfield re- 
plied: (a) In higher mammals equipo- 
tentiality ts striking than in 
lower. (>) li there is no local pat- 
terning, 
by local stimul 


numbers ot 


ntrencephalic 


] . 
css 


be evoked 
c) Since the 
centrencephalic system is not exclu- 


how can memories 


tion? 


sive, but functions with other areas, 


including the entire cortex, its pau- 
city of neurons is not a valid objec- 
tion. 

In a later paper (152) Penfield sug- 


gests that the centrencephalic sys- 


tem may be divided into an A- 
mechanism and a b-mechanism. The 
function of the A-mechanism is to 
record conscious perceptions in per- 
sisting neuron patterns, and the b- 
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mechanism functions in recollection 
of past experiences and in the inte- 
gration of the sensory 
systems. It has further been 
(153) that the temporal- 
parietal cortex in conjunction with 
the pulvinar-lateralis-posterior com- 
plex of the thalamus plays a major 
role in the initial integration and 
elaboration of incoming sensory pat- 


and motor 


sug- 


gested 


terns. 

Pentield’s hypothesis clearly does 
not provide a complete account of 
the neural events underlying learning 
and At the hy- 
pothesis rests almost entirely upon 


memory. present 
one tact, that of the temporal locali- 
zation of memory engrams in epilep- 
Phat the 
system is an integrating 
however logical it 
ouly an 


tics. centrencephalic 
svstem, 
seem, Is at 
But 


and 


re- 


may 
present 
the 
should 


assumption. 
intriguing 
additional 


hypothesis is 


give rise to 


search. 


Intellectual Processes 
Intelligence 


Studies of relationships between 
EEG variables and intelligence have 
Lindsley (121 
reviewed the literature up to 1944 
concluded that “it app 
doubtful that there is any verv high 
relationship betwee: 


been relatively few. 


and 


ars 
degree of in- 
telligence as measured by tests and 
the EEG.” Ostow drew a 
conclusion in 1950 (148). 
Only 
between 


simiihar 


three references to the rela- 
EEG and in 
have appeared since Ostow’s review. 
IKreezer and Smith (112) correlated 
Stanford-Binet MA) with various 
properties of the alpha rhythm in a 
group of mental ‘The 
correlation between M.A and alpha 
frequency with CA partialed out was 
.22 (not 
between alpha amplitude and MA 


tion telligence 


detectives. 


significant); correlations 
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and alpha index and MA) were 
negligible. 

in a study cited by Hill (78), 
found that patients with paroxysmal 
EEG abnormalities differed from 
those with nonparoxvsmal abnor- 
malities at the 1 cent level ot 
with to having 
nonverbal 
scores, using the Mill Hill Vocabulary 
test and the Progressive 


Matrices. Phe did 


tinguish between persons with non- 


Rey ° 


per 
contidence respect 


verbal scores lower than 


Ravens 


tests dis- 


not 
paroxvsmial abnormalhties and those 
EEG's. 

203 


“wersatiitv’ 


with normal 

Walter 
the 
he believes is related to intelligence. 
“Versatility” 
the variability of the EEG frequen) 


reports a measure ol 


of the brain which 


is detined in terms of 


spectrum automatse 


1lu- 
| he less 


obtained — by 
frequency analysis) trom. one 
second epoch to another. 
rrite lhige rit subjec tis reported to show 
tlack of versatility in this sense, that 
is, his trequeney spectrum is much 
the same from one short CPO h to the 
next. The 


is. reported 


very intelligent subject 
to display great) vari 


iri- 
ability. 

The weight of indicates 
that the alpha rhythm is unrelated to 
test The 


Key await 


cy icle Ce 
intelligence. findings of 


and of Walter contirma- 


tion, 


LEG During Mental Iffort 
L-vidence is found in the early EEG 
literature (121) that intellectual ac- 
tivity tends to be accompanied by 
«i vl «tll increase lil 
Similar 
reported a 
(66, 101, 120, 134, 172, 186 
Knott (101) reported that thy 
mean brain-wave frequency inereases 
and the distribution 
skewed to the high end during periods 
of silent 
pared with periods of rest. 


alpha bloc king 
beta activity. 

have 
times 


observations 


been number ot 


becomes more 


and oral reading as com- 


No dil- 
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the 
reading. 


ference was observed between 
effects of oral and. silent 
Hadley (66) reported a 


crease in mean brain-wave frequency 


related in- 


and heart rate during the solution of 
mental arithmetic problems. There 
was no relationship between EEG or 
heart rate changes and the ditheulty 
of problems; muscle potential ac- 
tivity, on the other hand, did vary 
with problem difficulty. 

Liberson (120) recorded the EEG 
during a word association test. He 
reported a relationship between alpha 
blocking time and reaction time, but 
neither « omplete data nor coetticients 
found 


of correlation were given. He 
| 
r 


i gv time 
with 
Mar- 


found no relationship 


no differences in alpha blox n 
for emotional as compared 
nonemotional stimulus words. 
(134 
between alpha frequency, 
dex, and mental blox king. 

In contrast with 
others, 


tinson 
alpha in- 


the findings oO} 
(180 found no 
marked or consistent EEG changes 
during the solution of mental arith- 
metic problems in 64 medical stu- 
dents. Hle reported that initial alpha 
blow king did occur, but considered 


Poman 


it as a response to the stimulus only 
and not related to the problem-solv- 
ing Hie noted that there 
were m li 

in EEG 
ficult to 
with 


proc CSs,. 
irked 
patter 


individual ¢ 


itferences 
nN changes. lt is dlit- 


reconcile Toman’s report 
Knott 


and Hadlev of significant changes in 


the demonstrations by 


the EEG trequency spectrum, espe- 
cially since Hadlev's subjects were 
performing the same kind ot opera- 
tions as Toman’s. 

Kennedy and co-workers (92, 93, 
94, 95) have reported recording an 
independent brain rhythm associated 
with intellectual With 
recording electrodes on the temples, 
an 8-12 eps rhythm of around 20u\ 
amplitude occurring in 


shaped bursts is recorded. 


pre CESSES, 


spindle- 
These 


have been named kappa waves. 
is markedly accen- 
tuated during reading, mental arith- 


metic, difficult discriminations, learn- 


Kappa activity 


ing and memory tasks, and problem 
solving. It is most pronounced dur- 
ing recall of previously learned ma- 
terial. 

Kappa waves could be recorded in 
only about half of the subjects tested. 
Changing of electrode placements 
and retesting did not result in record- 
kappa waves in subjects who 
had vielded negative results initially. 

Despite similarity of 
and amplitude, 
apparently 


ing 


frequency 
kappa waves are 
not a form of alpha 
activity, since they do not react to 
stimuli as the alpha rhvthm does, and 
they wax during intellectual activity 
whereas the alpha rhythm wanes. 
Kennedy et al. have presented evi- 
dence indicating that kappa waves 
are of cerebral origin (arising in the 
temporal lobe, they believe). 
Bickford 


tion . 


(personal communica- 
however, believes that 
movement artifact has not 
satisfactorily excluded in the genesis 
of these waves. The observation by 
Teitelbaum (178) of spontaneous 
rhythmic ocular movements, pre- 
dominantly in the horizontal plane, 


eyve- 


been 


during mental concentration is per- 
Un- 
fortunately Teitelbaum did not meas- 
ure the frequency of the movements. 


haps significant in this regard. 


Kennedy's results have been nei- 
ther contirmed nor refuted by other 
workers. The last publication con- 
cerned with kappa waves from any 
laboratory appeared in 1949, 

Mental 


Pal > a at ‘ 
Alpha Responsiveness and 


Imagery 

During the last decade studies ot 
the phy siological concomitants ot 
mental imagery have been conducted 
by workers at the Burden Neuro- 
logical Institute (62, 168, 169). The 
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simplest exposition of this work is 
to be found in Walter's book The 
Living Brain (203). 
Brietly, modes of 
been related to 
variables, alpha-tvpe and respira- 
tion. The type of imagery which a 
subject is disposed to use is deter- 
mined by questioning him about his 
methods of undertaking certain as- 
signed mental tasks. Two modes of 
imaging are distinguished, the visual 
and the verbal-k Other 
modes, it is stated, are unusual (168 
Generally 


have 
physiological 


imagery 
two 


nesthetic. 


subjects can be classified 


as (a) either visualists or verbalists 
who tind it ditticult to shift 
mode to the other, and (4) those who 


trom one 


use predominantly one mode, but can - 


The 


shilt without great ditt. culty. 
latter are in the majority. 

-t distin- 
ie | type, 
showing a strong alpha rhythm which 
persists in Spite ol 
intellectual 
sponsive) 


yvpes are 


Three alpha 
} 
i 


guished: (a) t (persistent 


stimulation or 


activity, (6) the R (re- 
ty pe, show ing a good alpha 
which re- 
sponds readily (blocks) upon stimu- 
lation and during intellectual activ- 
ity, and (« the M 
showing no alpha 


rhythm during relaxation 


(minus) type, 
rhythm or only a 
few low voltage alpha waves even 
Walter points out 


during relaxation. 
| literature 


that 
relating 
psychological processes have involved 


} 


most studies in the 
alpha activity to various 
only subjects showing strong alpha 
rhythms in order to facilitate tre- 
quency and amplitude measurements. 
This has resulted in the almost com- 
plete neglect of the M group. 

Two types of respiratory activity 
are distinguished, regular and irregu- 
lar. 


The tu 


colleagues have 


Walter 


been essentially that 


and his 


subjects of the P alpha-tvpe are 
predominantly verbalists; during in- 
tellectual activity their breathing is 


irregular, apparently due to activity 
of the vocal apparatus. Subjects ot 
the M type are predominantly visual- 
ists, and during intellectual activity 
their breathing is regular. Subjects 
of the KR type are either visualists 
or verbalists, but can usually shift 
to the other mode without great 
ditticulty. The M and P types are 
more successful in executing motor 
tasks when depending only on stereog- 
nosis for (169); suct 
skill is attributed to their consistent 
use ol 


sensory cues 
imagery, which 
tvpe being apparently of little im- 
portance. 

These findings recall, and 
appear to support, Adrian's visual 
attention hypothesis (1; see above). 
They also raise a number of ques- 
tions (203). For example, what is the 
origin of the 
(There is some evidet 
rhythm are 
tarv.) At what stage of development 


one type ol 


indeed 


differences observed ? 
‘e that alpha- 
characteristics heredi- 
do differences in alpha responsiveness 
apparent? (Strong alpha 
rhythm is commoner among children 
than among adults, M-tvpe EEG’s 
less so.) To what extent do the ways 
of thinking imposed by these modes 
of imaging affect or determine 
sonality? , 
IT ypni 
EEG Changes Durin 
Ilypnosis 
As the subject the 
normal into the hypnotic state no 
changes can be detected in the EEG 
pattern by inspection (10, 43, 50, 
72, 121, 129, 170). This evidence 
would indicate that the’ hypnotic 
state does not differ physiologically 
trom 


be« ome 


per- 


Passes trom 


normal wakefulness Physio- 
1 sleep, however, can be in- 


hypnotic 


logica 
duced by suggestion, or 
may occur spontaneously, under ap- 


propriate conditions (9, 10, 72). 
Darrow et al. (35) have reported 
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that measurement of phase relation- 
ships between tracings derived from 
l as of the 


. , 
brain I r ny ; is cCOnipared 


the motor ai occipital are 
with hi vakeftulness) show a 
small, 


but statistically significant, 


increase of average in-phase corre- 
spondence during expiration. A 
comparison of frontal and motor trac- 
ings shows a small, but statistically 
Signilicant, increase in ‘“‘parallelism 
or synchrony.” Similar changes occur 
during the onset of normal sleep in 
some subjects (36 They con 
that i 
by this 


States pre¢ 


} 


se] : 
HVpHnosis is not ailferentiates 


luded 


criterion trom ‘hypnoidal 


1 . F ‘> 
eding and following slee p. 


These observations have not been 
repeated by other workers. 

Gerebtzotl (59 induced cataplectic 
rabbits by ‘* inati i 
fixation, 


s el 


states in 
On ular 
spontaneo 
cortex Was 


pattern 


not 


man. 


correspon 


t 


Three out of fou: tuclies 
shown that, when hy 
tion that a visual 


is present, the alpha rhyt 


pnotic sugges- 


is made stimulus 
hm blocks 
even though no objective stimulus 
is presented (9, 121). Lundholm and 
Léwenbach (129) failed to elicit such 
a response. They also obtained nega- 
tive 
‘| hie Y were 


results wit audi null. 


discrepancy between their 
and 
On 


I lindness dc eS 


those of earlier studies. 


hand, suggestion of 


the other 


not prevent alpha 


blocking when a light stimulus is 


actually presented, even though sub- 
jec tively the light is not seen (9, 50 
121, 129). Loomis et al. (128), how- 
ever, re] suggestion of 
blindness 


ypnotized subject 
with eves 


open in a lighted room 
was followed by the appearance of 
the previously absent alpha rhythm. 
They also reported that suggestion 
of anesthesia did not prevent alpha 
blocking following a pin prick, even 
though the prick was not felt. 
Barker and Burgwin (9, 10) re- 
ported successful induction of sleep 
patterns in the EEG by hypnotic 
the subject were prop- 
Subjects instructed 
to remember events during hypnosis 


sug¢estion, 


ly prepared. 


did not remember events occurring 
while the EEG showed sle« p patterns 
as well as events occurrit g while the 
EEG showed wakefulness 
10). 

by hypnotic suggestion to relax, 
Ford and Yeager (50) reported the 


induction of ‘‘good”’ 


patterns 


alpha patterns 
with anxiety 
States, whose prev it us EI A 7s showed 


in several subjects 


little or no alpha rhythm. Relaxation 
not followed by 
subjects whose 


gestions 
G changes in 


| 
SEG’ 


mw 
ok 


were 


G's naturally showed ‘good 


ilpha I 


lso 


tint 


These investigators 
‘ regre we ubjects, who 
had undergone craniotomies, to their 
EieG's 
patterns, 


preoper itl 


retained postoperative 


i-motion 

EEG Patterns Asso 
tional Reactions 

In 1948 Lindsley (122) reviewed 

literature pertainit 

he EEG. He 


COnNaILION 


tated with Emo- 


g to emotion 
concluded that 
involving some 
tional arousal, as in 
Unexper ted 
and anxiety states, 
principal kinds of changes are re- 


appre HNCISION, 


sensor v 


stimulation, two 
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flected in the EEG: (a) a reduction 
or suppression of alpha rhythm, and 
(b) an increase in the amount of 
beta-like fast activity.” These 
changes will by now be recognized as 
constituting part of the activation 
response of Magoun, Lindsley, et al. 

In recent years several investiga- 
tors have studied emotional states 
with the newer techniques of photic 
flicker stimulation and automatic 
frequency analysis. Ulett ef a/. (189) 
correlated the EEG'’s of 191° sub- 
jects, recorded under standard and 
photic stimulation conditions, with 
an 8-point rating scale for anxiety 
proneness derived from psychiatric 
interviews and psychological testing. 
Significant correlations were found 
between anxiety-proneness ratings 
and (a) amount of subjective dys- 
phoria during photic stimulation, 
(6) amount of harmonic EEG re- 
in the 20-30 range to 
flicker frequencies } and } that rate, 
(c) displacement of the centroid of 
driving from the normal range, and 
(d) percentage of 
low alpha records. A check list of 
EEG anxiety-indicators correlated 
with the criterion ratings .48. Under 
experimental stress (threat of electric 
shock) the occipital driving response 
acted the same way as the 
alpha rhythm, that is, its ‘‘power’’ 
was reduced. 


sponse cps 


abnormal and 


does 


llowever, there was no 
difference between subjects with anx- 
iety and those without, with respect 
to the magnitude of the effect. 
Ulett and Gleser (188) developed 


from their data 3 empirical scales 


designed to differentiate the anxicty- 
prone. 
the 


The 3 scales were based on 
basic EEG record, EEG re- 
sponse to photic stimulation, and 
subjective sensations induced by 
flicker. Each of the scales identified 
more anxiety-prone than nonanxiety- 
prone subjects from the original ex- 
perimental population. Used in com- 


bination, they identified 59.4 per 
cent of the anxiety-prone normal 
subjects and 65.5 per cent of the 
anxious patients, with only 11. per 
cent “false positives” (nonanxiety- 
prone subjects). These scales were 
cross validated on an independent 
sample of 110 (190). The 
based on basic EEG record and sub- 
jective sensations induced by flicker 
held up, that based on EEG response 
to flicker did not. 

Knott and Correll (104) reported 
a number of driving effects at funda- 
mentals and harmonics of stimulus- 
frequen ies in 14. stutterers. Al- 
though these differed significantly 
(1°% level) from effects exhibited by 
controls, they were not striking and 
did not appear to be of the type de- 
scribed by Ulett in the anxiety-prone. 
In contrast with Ulett’s findings 
suggesting lower “alpha power” in 
the anxiety-prone than in the non- 
anxiety-prone, it found that 
normal speakers showed slightly less 
relative alpha-voltage than the stut- 
terers. 

Tracings derived from nasopharyn- 
geal electrodes, presumably picking 
up activity of hypothalamic origin, 
show changes similar to those de- 
rived from cortical (scalp 
(122). It is, 
that nasopharyngeal tracings actual- 
ly represent the activity of the 
mesial-inferior temporal cortex more 
than that of the brain stem. 

Slow have several times 
been reported to be associated with 
emotional (122 
feels that those reported in the early 
literature were probably artifactual 
with 
changes of autonomic origin. 

More recently Walter 
ported (202) that emotional dis- 
turbances arising during flicker stim- 
ulation experiments usually 
associated with brain waves in the 


scales 


Was 


electrodes 


howeve r, quite like ly 


Waves 


states. Lindsley 


or associated skin electrical 


has re- 


are 
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temporal region of the brain at sub- 
harmonics of the stimulus frequency 
usually in the theta (4-7 
band (cf. the findings of 
Ulett et al.). If, Walter reports, the 
subject “abandoned himself to the 
tide,’ or if further emo- 
added, the 
component Wals 
Dut 
under the control of the sub- 


and cps 


Trequene \ 


emotional 
tional 
Te mporal 
tuated. 


entirely 


ageravation were 


accecn- 


1 
the response Was not 


wet or the experimenter 


Spontiane 


ous fluctuations in mood influenced 
the response in the same direction as 


h t-term ch attitude. 


show 


Lindsley concluded his 1948 paper 
with some bricl speculations about 
mech- 


possible cortical-brain-stem 


anisms for the retlection of emotional 
changes in the EEG. In his chapter 


Stevens’ handbook 


ol emotion in 
(123) 
“activation 
} 


based Oil 


he expanded Thies Into an 


‘ 


theory ol emotion,” 


the following: 1) the ob- 

that the EEG in emotion 

presents an pattern, (0 
physiological mechanisms 

1 

1 ( 


roe | 
the mech- 


servatiol 
activation 
the know 

tivation respoiise, ali 

uption that the 
inism of the basal dic ncephalon and 
nostem reticular formation, 


outilows 


lower bra 
lischarges motor 


which « 


and causes the objective features of 
i len- 
EEG 


which 


emotional expression is 


" 
either 
} 


tical with or overlaps the 
activating ! | , 
cortex.” After outlining 


evidence 


arouses the 


1 } 
the experimental 
these 


support- 


ing basic points, he presents a 


schema to account for varieties ot 
emotional response and eXpel ience in 
terms of a hierarchy of neural mech- 
involving 


higher levels of the neuraxis. 


progressi\ ely 
The 
possible roles of the reticular struc- 
tures and the limbic lobes (6, 150) 


are emphasized. 


anisms, 
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Mechanisms for “Functional” | ffects 
of E-motion on the Brain 


Darrow (32, 33) has emphasized 
the effects not ouly of neural, but 
also of hydrostatic, chemical, auto- 
and humoral) mechanisms 
during emotional states. The balance 
of such 


nomic, 


feels, deter- 
In a num- 
ber of experiments using elaborate 
techniques for recording EEG and 
peripheral autonomic activity, he has 


influences, he 


mines cortical reactivity. 


demonstrated interaction of cortical 
and autonomic activity. He hypoth- 
esizes that in moderation the various 
mechanisms for homeostatic regula- 
tion of the brain “serve to regulate- 
and to terminate cortical excitation 
and to self-perpetuating, 


circular, perseverating, 


prevent 
and rumina- 
tive activities within the telitwork of 
but that 
Or OVeETAt tivity of these mechanisnis 
mit\ cortical function. 
Various physiological conditions may 
increase susceptibility of the cortex 
to subcortical influences, and in such 


cases changes in autonomic activity 


! 


the cortex,” either under- 


“ombarrass 


incidental to emotional disturbance 
become crucial, sometimes resulting 
in what he has called “‘relative func- 
tional deeorti Darrow sug- 
vests that the treatment of the latter 


ition.” 


conditions, which are identifiable by 
his testing techniques, is to improve 
so that the cortex 
influenced by 
In this he is 
using 


cortical function, 
may be less readily 
subcorth il processes. 
opposed to he practice ol 
sedatives routinely in cases of exces- 
sive ANNICLY or tension. It is cer- 
tainly true that in many 
subhypnotic doses of sedatives in- 
crease, rather than the 
patient's discomfort. This is es- 


such cases 
decrease, 


pecially true with many hyperactive 


children, who may become more 


agitated under mild doses of seda- 


tives. 
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In a recent paper (34) Darrow 
reports data which appear to indicate 
that in brain-injured or emotional! 
unstable 
tends to increase slow alpha-like or 
theta activity in the precentral 
parts of the brain, which he refers 
to as increased anterior dominance. 
He reports that this effect can be 
conditioned as can the more fre- 
quently reported alpha-blocking ef 
fect. In more stable nervous systems, 


stimulation 


individuals 


‘activation’ and postcentral alpha 
“facilitation” prevail. Anterior domi- 
as reflecti 
posteri 


° ' . ' 
dominance, regulation. I!e concludes 


nance he interprets 


excitatory condition, and 


ndicate 
“that the ability to build up post- 
central alpha dominance in defense 
against repeated and expected dis- 
turbing and uncondi- 
tioned stimuli is a characteristic of 


‘normal’ 


that his evidence seems to it 


conditioned 


svstems. 


nervous 


Possibly b ‘cause ol the iniqu ‘ness 


and complexity of Darrow's method, 
' been 
repeated by other workers. Bonval- 
let et al. (19), have re- 
ported the results of simultaneously 


his observatio is have not vet 


how. Vere 


recording EEG and blood pressure in 
dogs and cats. They found that, in 
the absence of 

taneous fluctuations of EEG activity 


and sympathetic tone are 


stimulation, spon- 
parallel, 
activation of the cortex correspond- 
blood pressure. 
Nociceptive stimuli produce marked 


ing to increase in 


increase in sympathetic tone accom- 
panied by the 
duration of cortical activation being 
directly related to the intensity of 
sympathetic tone. They also dem- 
onstrated that peripheral sympathet- 
ic discharge does not bring about 
cortical but 
rather by action on the pontomes- 
encephalic structures. Small 
of sedatives suppress these effects. 


cortical activation, 


activation directly, 


doses 


Emotional Agegravation of Epileptic 
Processes 

It is well-known that 
leptics will have seizures more fre- 


some epi- 
quently under emotionally disturb- 
ing conditions than under emotion- 
ally stabilizing conditions. Several 
workers have published data in- 
dicating an increase in EEG pathosis 
in epileptics during periods of emo- 
tional disturbance 

Barker and his colleagues have re- 
ported a number of cases (7, 8, 11). 
In some epile pic s startle, and other 


disturbing 


timuli, as well as verbal 


stimuli aimed at the patient's parti- 
will be 
tollowed by bursts of abnormal waves 


cular en otional confl ts, 
in the EEG. Both diffuse paroxysmal 
abnor- 
malities can be so activated. Other 
epileptics and controls show only 
alpha blocking with or without mus- 
cle pote! tial. Berlin) and Yeager 
(16), (77), have 


reported similar observations. 


(spike-and-wave) and focal 


and lHligeins et a/ 


The mechanisms of such responses 
are not known, but Darrow’s hypoth- 
eses would appear to be pertinent. 


? 
Personality 


between 
normal 
variabl Ss will 
EEG | findings 


g 
with 


Pre pe sed 


brain-wave phenome: 


relationships 

la and 
personality traits o1 
be discussed here. § 
patients “tunctional” 


mental disorders 


among 
are discussed in 
detail elsewhere (46), 

In 1938 Gottlober (63) published 
data which appeared to indicate a 
positive relationship between ex- 

alpha index 
time that a read- 
able alpha rhythm is present in the 
EEG of a relaxed, awake subject). 
Henry and Knott (73) observed that 
Gottlober’s sample was loaded with 
both extraverts and high alpha in- 


traversion and high 
(the percentage of 








BRAIN 
dices. With additional data they 
were unable to find any relationship 
between alpha index and extraver- 
sion or iIntroversion. 

Saul et al. (162, 163) proposed 
several relationships between normal 
EEG patterns and certain person- 
ality characteristics: (a) 
dividuals tend to 
persistent alpha 
index, and “masculine competitive’ 


Passive in- 
have regular, 
rhythms of high 
individuals tend to have low voltage, 
weak alpha rhythms of low index. 
They defined passivity as conti otins 
“ submissiver 
+} 


eive irom others, a! 


dep naence 


’ 


Sire to rec 


ness to retreat from da 


The: 
ned further by 


antithetical 


vers, 
and responsibility. 

the term can be det 
contrast with the 
stellation§ of 


meant 9 of 


cone 
independence, drive, 
and masculin- 


dominance, activity, 
i ne ustrated, 


ity. b) “(I 
impatient, won- 
1’ «tend lave “mixed” type 
25 and 
ister and 
alpha) or ‘‘mixed fast” 
type EEG's (alpha rhythm over 10.5 
cps plus waves faster than alpha). 
The first has been 
often cited in the literature (70, 117, 
118, 142, 148, 159, 160, 161). and 
appears have been accepted as 
fact. : mand Ellingson (171) re- 
Viewers 


el 

EEG's alpha index betwee 
65 plus other waves both f: 
slewer than 


} roposition 


upon which that 
propos! sed and found it 
unconvincing. 

Rubin, Bowman, and Moses (142, 
160, 161), subsequent to the original 
paper of Saul ef al., published EEG- 
personality studies on several groups 
of psychosomatic These 
appeared to support a_ high-alpha- 
index-passivitv relationshiy These 


) 
bv Sisson 


patients. 


studies too we 
and 

grounds and on the basis that the 
conclusions were based to some ex- 


re criticized 
1 


Ellingson on methodological 
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tent on circular reasoning. 
There have been some at- 


tempts to relate Rorschach scoring 


also 


categories to the alpha index. Travis 
and Bennett (182) compared 
groups of normals with alpha in- 
dices over and under 50. They found 
that the high-index group gave 
significantly more whole responses 
(Wi’¢.), but was significantly lower 
than the low-index group with re- 
spect to R, Dd-plus-S%, sum C, and 


VY, and took sig 


two 


ntly more time. 
and Darrow (22) found 


rder correlations 


rilflan 
srudo 
ind alpha index of .§32 

il children, .636 for 10 

with pos- 


Po. ’ 1°73 
wior problem children 
brain .619 for the 


} 


le 


ombin 
aan 
I 


(171) com- 
pared two groups of 15 male neuro- 
patients with alpha in- 


dices over 90 and 


le 
lingson 


Sisson and IE 

' Ps “ 
psvVcinatric 
inder 10, respec- 
tively, on 20 major Rorschach scor- 
The groups did not 
ditfer significantly with 


ing categories. 
respect to 
tribution of neuropsychiat- 
None of the differ- 
ences between the two groups on 


Rors hac h 


} 
age or dis 


ric diagnoses. 
significant 
the 
I orschach 
manner to investigate 

iships between personality and 

r variables, they con luded that 
le he cone lusively 
i { ISI ny 
feature of the normal adult EEG re- 
under standard conditions 
and any personality trait or vari- 
able.... Since alpha and beta ac- 
tivity appear to be quite primitive 
functions of neural tissue, we find it 
diii.cult to believe that any of their 


scores Were 
After discussing 


° } 
using tne 


as been ( 


+ 
yal lations lp 


“no study | 


between 


corded 


treasures will be found to correlate 
with any of the dimensions of so 
comple x and phylogenetic illy recent 
an entity as the human personality.” 
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(CONCLUSION 


It must be clear even from this re- 
view, limited to papers dealing with 
relationships between brain waves 
and psychological processes, that ac- 
tivity in the field of neurophysiology 
since World War II has been pro- 
digious. Anatomists, physiologists, 
psychologists, neurologists, and psv- 
chiatrists have all contributed. Each 
new discovery seems to reveal the 
brain as an even more versatile organ 
than previously appreciated. 
The major advances in the areas 
discussed have unquestionably stem- 
med from the delineation of anatomi- 
cal connections and physiological 
functions of the reticular formation 
of the the 
diffuse thalamic projection system. 


Was 


lower brain stem and 
The research possibilities opened up 
by these discoveries have been far 
from exhausted. 

It will have been recognized that 


while the body of confirmed and es 


tablished facts relating EEG phenom- 


ena and psychological processes 
has been considerably increased since 
Lindsley’s review of 1944, the body 
of unconfirmed data has likewise in- 
creased. Uncontirmed observations, 


especially impressionistic as con- 
trasted with 
more likely to be negated than con- 


firmed. This 


quantified ones, are 


situation is) hardly 
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VICARIOUS TRIAL AND ERROR AND RELATED BEHAVIOR 
ALBERT E. GOSS 
University of Massachusetts 
AND GEORGE J. WISCHNER! 
University of Pittshurgh 


A number of experimenters have 47), a catalytic process which aids 


reported a more or less typical and 
behavior which 
occurs at the pot ot choi e in the 


frequent pattern oj 
discrimination box, maze, or during 
the choice process in visual discrimi- 
stucies 


nation jumping 


Phis pattern has been vari- 


emploving 
stands. 
ously described as “choice by nega- 
tion or comparison,” “looking to the 


lett 


before choice,” “swav- 
forth,” 


from,” 


richt or 
and 
ward and awa\ 


ments,” 


ing back “jumping to- 
“head move- 
“partial elimination,” ete. 
To this general pattern of, behavior 


Kletcher (32) have 


“vicarious trial- 


Muenzinger and 
given the name 
and-error,”’ abbreviated “VTE.” 
Although first used to label choice- 
point behavior of rats prior to spa- 
tial or nonspatial discriminative re- 
the VTE 
quently been extended to vacillatory 
behavior in conditioning (17), reason- 
27 


term has subse- 


sponses, 


ing place vs. response learning, 
(38, 40, 53, 56), delaved 
(24), contlet (2), and even nonchoice 
43) situations. 
the choosing be- 
havior of rats but also of dogs (17), 
monkeys (21), children, (2, 15, 16), 
and adults (51) in various of these 
labeled “\VTE- 
ing.’ Thus, VIE behavior now re- 
fers to the vacillatory behavior of 
various types of Ss at points of choice 
in a wide range of situations. 
On the theroretical level, VIE has 
been interpreted as a_ behavioral 
definition of consciousness (45, 46, 


reaction 


Moreove r, not only 


choice-point or 


situations has been 


' Formerly with Human Resources Research 
Office, The George Washington University. 


learning (48, 49, 51, 52), a form of 
symbolic exploration (29), an ana- 
logue or mechanism of reasoning (26, 
30), “overt thinking” (9), a be- 
havioral index of conflict (2, 6, 19, 28, 
42, 57), or a preparatory response 
(43). Tolman (48, 49, 51), particu- 
larly, and Barker (2), Schlosberg and 
Solomon (41), Taylor and Reichlin 
(43), and Austin (1) have advanced 
relatively complex and 
explanations of the VTE phenom- 
enon. 

On the empirical level, with the ex- 
ception of the brief treatments ot 
VTE by Muenzinger (30), Tolman 
(48, 52), Dennis and Russell (11), 
Munn (35), Brogden (5), and Wood- 
worth and Schlosberg (62), there has 
been no adequate systematic and 
critical analysis of experimental pro- 
cedures and findings. Nor has the 
work in this area re- 
sulted in an exegesis and comparison 
of the several theories of VTE be- 
havior. Theoretical interpretations 
of VTE behavior, however, will be 
treated in a later paper. The pur- 
pose of the present paper is to sum- 
marize and critically evaluate the em- 
pirical material relating to VTE. 
The presentation and analysis will 
be divided into the following general 
topics: criteria for VTE, antecedents 
response correlates of VTE, and 
VTE and learning efficiency. 


systematic 


ce ms leral le 


and 


CRITERIA FOR VTE 


Descriptive Behavioral Manifestations 


of VTE 


Muenzinger and Fletcher proposed 


35 
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the term ‘‘vicarious trial-and-error” 
as a label for the behavior “of white 
rats at the point oi ice | 


dithcult discrimination, 


choice a very 
where ‘the 
rats would stop and move their heads 
from alley to alley as if to gain a suc- 
cessive impression of the two stimuli 
to be discriminated” (32, p. 89% 
Later Muenzinger described this re- 
sponse alternation at the choice point 
as follows: 


The m 
at a midpoi 
head t t 


st comm 


ther alley. 


ni 
trance to 
t . 


over the 
Sometimes the m« 


extens 


A number of investi ors subse- 


ive €1 iploved Nluenzi oe r's 


ring to or describ- 


} - 
howe pomt 
i 


quently h 
term, V TE, in refe 
ing selected aspects ol 


behavior of the 
Tolman accepted the term 


rat. For exat 

VTE to 
designate the * ‘lookings or runnings 
back and forth’ which often appear 
at the choice point, and which all 
rat-runners but few 
have paid further attention to’ (48, 
p. 27). It is interesting to note that 


some recent investigators (0, , al- 


nave noted, 


though concerned with simil 


terns of choice-point behavior, have 
not used Muenzinger's 
term. On the other hand, Taylor and 
Reichlin (43 attempted to 
show that behavior similar to that 
which Muenzinger and Tolman have 
designated as VTE occurs prior to 

a 6- to 8-inch gap in a 


descriptive 


have 


jumps over 
nonchoice situatio 

Up to the present time, no sil vle 
or standard set of criteria (defi- 
nitions) of VTE behavior has been 


established and used consistently. 
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This deserves special emphasis be- 
cause a number of investigators using 
: ; 


cri- 


parently withor snizing that 


the comparability these criteria 


has not been established. Further- 
it has often been difficult to 
ascertain from reading a particular 
article what defining and/or scoring 
criteria were employed by the investi- 
gator. 


more, 


Scoring VTE Behavior 


VTEing or VTE-like behavi 


1 or scored by criteria 
. | 


‘ s | 

rohas 
bee! pUATILte 
which will be designated here as 


VTE or VTE trials. The VTE 


unit is defined as behavior which in- 


’ 


lacing one 


, , 
voives (a looku 
toward 
the other 
ne 
iy a CHOICE, 
ne side 
Pand low k- 
+ 1] } ; , ! 
at the other side or card and then 
betore 


ing to the 


making a choice is desig- 
nated as the AB unit, the latter as 
the ABA unit. 

The VTE ¢rial is defined as any 
trial during which one or more VTE 
units were recorded; tl 
trial may contain re 
ABA units. As an additional seman- 


tic Clarilication, ipel the 


VTE, 


VTEing will be 


general or unqualile ‘rims 
VTE 


used 


behavior or 
occasionally as equivalent to 
nonquantitative descriptive phrases 
“rapid the 
and “swaying aid 


such as vibrations of 
head,”’ 


forth,” or as 


back 

general categorical 

ns for either or both VTE trials 
nits. 

It is ditl cult, 


It, if not 
j 
i 


mpossible, to 
estimate the distortions or cdis« repan- 


cies in the experl- 


mental data and in the comparisons 


iiterpretation Of 








VTE AND RELATED BEHAVIOR 37 


of different studies which may have 
ed by the use of differ- 
oring VTE. An 


writers of 


been occasion 


nt criteria for s eX- 


amination by the present 


data liver (21) for 


weight, visual, and au 
nations of 
di!t culty 
this investigator used VTE 
the measure, in some cases his presen- 
tation permitted rescoring the data 
AB units. It was found 


ing the 


reported by Kl 
' 
li 


y discrimi- 
oc oan the 
Although 

trials as 


1 
monkeys 


more specifically 


in terms of 
cquisition of dis- 
ative re ght stim- 
AB ind VTE tri 
‘ared to be highly rel. 
all of the VTE 
proximately 90 per cent 
but one AB unit. 
difficult to as 


for the 


sponses to wei 
il ap- 
ice of 
vorted ap- 
cont Line “| 
Although it was 
hip 
visual and itory discrimi- 
nations, the im 
that a much sn number of 
VTE trials for these problems 


the basis of only 


lewd Sli 


-_/ 
triais rey 


his rel ition 
was @g ained 
the 
were 
AB 


the size ot 


scored on 
aie. This suggests that 
the correlation between t 
ent VTE 
a function of the particu 
mental problem. 

A re-examination in this 
tion of some VTE data obtai 
Wischner (59, 60, 61) 
for no-shock, shock-right, a 


wro! 


one 
} tfer- 
be in part 


lar experi- 


iese di 


measures may 


connec- 
ed by 
that 


> ! 
id she ICK- 


dis« lose i 


g groups in a black-white, non 


correction disermmiu 


VTE tri 


vere respe 


ation situation, 
the percentage ils based 
on but one AB unit 
&3 per « 

it. Th ank-ordet ‘“tcients of 
imber of 


AB 


1 
no-shock, 4+-.92 


sects between the 1 
VTE 


units were 


trials and the number of 
+-.93 for 
shock- 
right animals. Thus, while the par- 
ticular experimental ap- 
parently affected the percentages of 
trials which contained only one AB 
unit, fortunately, Wischner’s data 
suggest little, if any, influence on the 


for shock-wrong.and +.86 for 


conditions 


correlation of VTE trial and AB unit 


measures, 
a standard « 


with the relative 


‘riterion of 
] 


1- 
fran 


The lack of 

Vic. together 

ise information with re- 
gard to intercorrelations among the 
Various measures, represelit obvious 
limitations in any attempt to eval- 
uate both empirical findings and 
any interpretations of these findings. 
These limitations must be kept in 
mind in subsequent discussions of re- 
ported and interpre- 
tations. 

As a first 
cise qual tification 
ing of VTE be the present 
writers suggest that the AB unit, 
that ts, ut, bea lopted 
as the basis for scor ing, since it would 
all data 
from 


ot more pre 


relationships 
approach to a more pre- 
and understand- 
havior, 


the smallest uw 
conce ning the phe- 


could con- 
up to 


yield 
which one 
struct other VTE 
neluding the VTE trial.* 


noniecha 
measures 
and 


are other consider 
r. One is the 
E's, 

init. Thus 


was unable to count 


tions in scoring 


ul problem of 


vener 
} 
r examprie, the ccurrence 


als Wischner 


rd each 


” 


on some tri 
and rec 
much shifting 


(60. Ol 
AB unit and so merely noted ‘ 
Therefore, in the above anal 
AB units for those t 
This probably represents an un- 


ysis the number of 
rials Was arbitrar ily scored 
as two units. 
derestin 
Such ce as design of the entrance 
the 
ial or cue characteristics of 
and exter 


nvolved in makir 
Wwoived in 1 


compartme! ease of delimitation of 
choice point, spat 
' 


isive- 


' 
nated, 


H 
toward the 


B units with- 


renting 


than or facing 


stimuli which intervene among A 
consideration 


\ and 


in a trial represents a further 
To illustrate, durt 
B designate facin 
negative stimuli 

read, “ABA, retur 
A ve to center, A, etc 
haviors may ultir 
t rg what Tay 
have terme 
} 


nga single trial where 
g toward the posi and 
record may 
‘ompartment, 
" While these be- 
ve to be — ror 
(43) 

ut news: 


addi 


tive 
respectively a 
nto entrance 
nately pe 
equivalen rand Reic 
1 prepiratory responses 
it would seem desirable to score these 
tional behaviors separately. 


In a situation in which VTE behavior in 
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ANTECEDENTS AND KESPONSE 
CORRELATES OF VTE 


Tolman is one of the few investi- 
gators who has systematically iso- 
lated and manipulated the variables 
which influence VTE. For the most 
part other relationships have emerged 
as incidental findings in experiments 
primarily concerned with other prob- 
lems. Within various contexts and 
depending on the purpose of the 
writer the data from essentially the 
same studies have been 
three kinds of analysis. First, Tol- 
man has been concerned with the 
nature of the relationships between 
VTE and errors in a variety 
crimination and maze 
uations. 
the analysis of the relative frequencs 
of VTE as a function of 
perimental 
gard to the VTE-error relationship. 
Finally, relationships between VTE 
and other behavior 
received attention. 


The Relationship Between VTE 


and Errors in Learning 


subjected to 


of cis- 
learning sit- 
A second aspect has been 
special ex- 


conditions without. re- 


measures have 


Tolman's extensive treatment of 
\V TE-error relationships is apparently 
related to his postulation that VTE- 
ing leads to greater learning elli- 
ciency (45, 46, 47, 48, 49, 51, 52). 
While these relationships have been 
analyzed for both discrimination and 
maze learning, support for Tolman’s 
hypothesis originated in and subse- 
quently was drawn from discrimi- 
nation learning data. In the follow- 
ing discussion the findings for these 
two learning situations will be treated 
separately. 


children represented partial movements of a 
lever before a detinite choice was made, Bark- 
er (2) weighted such movements for degree of 
displacement. It may be fruitful to develop 
techniques of scoring all types of VTE behav- 
ior in terms not only of frequency but also of 
amplitude. 


WISCHNER 
Discrimination Learning 


Yerkes, who described the VTEing 
(although, of course, he did not use 
this label mice at the 
choice point in his discrimination 
set-up, commented that ‘could we - 
but what the psychical 
states the physiological 
the were during 
this period of choosing, comparative 
would 


of dancing 


discov cr 
and 


ditions of 


cOol- 


animal 


psychology and 
advance by a bound” (63, pp. 130 
131 Phere is some suggestion in 
Yerkes’ writt that, 
discriminable stimuli, more frequent 
VTEing as exemplified by choice by 
com parison appeared tirst and, while 


physiology 


with easily 


remaining at a high level in some ani- 
mals, in other animals decreased to 
choice by negation one AB unit 

In other early investigations Hlove 
and Stoc king 18) and later Lashley 
(23) observed that the Irequent head 
movements of the 
discrimination learning in the Yerkes 
box gradually decreased in number 


early stages ol 


as the discrimination was acquired. 


(15) quali- 


tative protocol for discrimination 


Conversely, Gellerman’s 
learning i yvouny children indicated 
that head movements had appeared 
as correct responses increased in fre- 
quency, Pennington (36 
that appeared 
after 400 trials as rats began to local- 


reported 


a . ; ee 
( hoosing behavior 


ize sounds and was most apparent 


during the last 100 trials of learning. 


He also indicated that Thuma (44) 
had similar but 
the relationship of this behavior to 
explicitly specitied. 
that 
these early trials ‘vicarious trial and 
error’... appeared much more fre- 
quently with this group (shock at 
right choice) than 
the others” (12, pp. 263-264) 
not provide sufficient information to 
specify the course of VTEing. Similar 


noticed behavior, 


errors Was not 


Drew's observation “during 


door of with 


does 
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interpretive ditheulties characterize 
Girden's report ‘‘that the elimination 
of paw tlexion to LS proceeded 
rapidly with its [head and visual 
orientations to the left and right side 
of the apparatus] appearance” (17, 
p. 683). 
Relationships 
behavior and 
been reported 


between compari- 


son error elimination 
‘ 


have for monkevs in 


Kliiver’s (21) string-pulling situation. 
behavior 


Comparison consisted of 


motor comparisons (successive pull- 


ings of strings) and visual compari- 


sons (eve Movements trom one box to 


In general, Kliver's data 
auditory, and visual 


the other 
for weight, 
stimuli suggested the existence of an 
inverse relationship between errors 
and frequencies of comparison or 
VTE trials. 

Referring to data gat 
laboration with his students (31, 32, 
33, 34). \Muenzinger 30 concluded 
that the trequern v of VTE trials was 
highest when almost 
eliminated. 


The most complete data concern- 


hered in col- 


errors were 


ing the relationship between VTE 
and errors have been marshalled by 
Folman. The relationship which he 
has presented most frequently both 
for groups and individual-rats is a 
plot of the course of VTE behavior 
and errors during the learning proc- 
ess. Thus Tolman (48) has cited 
curves for black-white and tone dis- 
criminations obtained by Gentry in 
Muenzinger’s laboratory, which re- 
vealed that errors had decreased «ls 
VTE trials had increased. Also, he 
has reported that as errors decreased 
VTE. trials discrimi- 
nation studies employing brain lesion 
and normal animals, jump and no 
jump conditions, and near and tar 
discriminanda (48). 

Tolman (49) compared AB units, 
correct choices, and hesitation time 
tor three experimental groups which 


increased in 


had been presented with white-black, 
white-medium gray, and white-light 
gray discriminations with white posi- 
tive. While in the case of the easiest 
discrimination maximum frequency 
of VTE coincided with the first error- 
less day, it is interesting to note that 
the VTE curve for the white-medium 
gray group was highest on days 8 and 
11 although the fewest errors did not 
occur until the eighteenth day. Both 
error and VTE curves tor the white- 
light gray group were relatively flat.” 

When black-white discriminanda 
were separated by spatial angles of 
id 130°, Tolman (50) also 
reported an inverse relationship be- 
AB units and errors during 
acquisition. In a study by Tolman 
and Minium (54) VTE frequency in 
\B units was highest on the seventh 
dav although black-white discrimi- 
nation learning was 


not completed 
until the twenty-second day. 


, 
30°, 80°, ar 


tween 


When 
animals were then required to learn 
black-light gray and black-dark grav 
discriminations, the highest fre- 
quencies of VTE units did not occur 
simultaneously with diminished error 
frequencies. Tolman and Ritchie's 
55) observation of an inverse rela- 
tionship VTE and 


curves Was supplemented by another 


between error 


measure, namely the correlation co- 
eticient, which they reported to be 
—.65 as between totals of errors and 
\B units for individual animals over 
all trials. 

Analysis of VTE data compiled 
by Wischner (59, 60, 61) in a non- 
correction brightness discrimination 
indicated that 
wrong, and = shock-right 
had differential effects on both over- 
all frequencies of VTEing and rela- 
tionships between VTE’s and learn- 
ing trials. The no-shock group 
VTEed on 12 per cent of the trials 
and had a mean of 0.15 AB units 
VTE’s occurred on 22 per 


no-shock, shock- 


conditions 


per trial. 





40 ALBERT E. GOSS AND GEORGE J 


cent of the trials with a mean of 0.45 
AB units per trial for the shock- 
wrong animals. The values for the 
shock-right group were 36 per cent 
and 0.56 units per trial. A plot of 
frequencies of either VTE trials or 
units against tenths of trials for the 
no-shock group revealed fre- 
quencies for the first halt of the learn- 
ing process and then a rapid and reg- 
ular increase for the last half. For 
the shock-wrong both 
measures increased rapidly to a 
maximum at the third 
tenth, declined nearly as sharply and 
then leveled off for the last three 
tenths. While trials and uni 
increased rapidly to the thi-d or 
fourth tenth for the shock-right con- 
dition, the curves remained at fairly 
high levels for the remaining trials. 

The relationship between VTEing 
and errors for data may be 
expressed as the correlation between 
VTE trials or VTE units per tenth 
of trials on the one hand and errors 
per tenth of trials on the other, that 
is, the relationship between corre- 
sponding points for Vincent error 
curves and Vincent VTE curves (in 
tenths of trials). The following rank- 
difference coe! 
were obtained for each group for the 
two \ TE measures, 


low 


condition, 


second or 


ts also 


these 


correlation cients 


trials and units. 


No-shock 
Shock-right 
Shock-wrong 


These data suggest a positive re- 
lationship between errors and both 
VTE the shock-r ight 
group. The data for the shock-wrong 
group are somewhat ambiguous sug- 
gesting only a slightly negative rela- 
tionship for \TE trials and a rela- 
tively high positive relationship be- 
tween errors and VTE units. Ouly 


measures tor 


WISCHNER 


for the no-shock group do the data 
clearly indicate the inverse relation- 
ship between VTE’s and errors which 


Polman’'s writ- 
ings. It would appear from these data 
nature of the 


has been stressed in 
that the 
, 


relationship Wm) 6discr 


\ | l-error 
mination situa- 
tions is dependent upon experimental 
conditions such as administration of 
electric shock. 

Rank-order coef! cients of correla- 
tion between various measures of 
VTE behavior (trials, total AB units, 
and AB units per trial) and learning 
measures (errors and trials) for in- 
dividual animals of each group 
both the total 
the first 100 
trials. Of the 27 coeft cients obtained 


were 
' 
also computed tor 


learning period and for 


none of the six negative values {range 
of —.01 to —.33) and only two of the 
21 positive values (range of +.07 to 
+.71) 


level. 


the .05 


These data do not agree 


were significant at 
with 
the coett clent of —.65 between errors 
and VTE’'s for individual 
reported by Tolman and 
(55). 


For correction animals learning a 


animals 
kitchie 


horizontal-vertical bar discrimination 
in a modified Grice apparatus, Lane 
(22) reported the appearance of 
“much VTE behavior trom the fifth 
day of training on until 
the animal 
tion” which 


just before 
learned the discrimi 
“coincided with a rela- 
tively constant increase in the posi- 
tive reaction tendency” (22, p. 48). 
The noncorrection 
animals exhibited less VT Eing which, 
however, also appeared when correct 
responses began to depart trom 
chance levels on about the twelfth 
day of Unfortunately, no 

record of VTE’s 
thus precluding a more 
the VTE- 
errors relationships for the two condi- 
tions. 


The preceding data were for the 


slower learning 


training. 
day-by-day was 
presented 


adequate assessment ol 
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acquisition phase of discrimination 
learning. During overlearning trials 
the nature of the \VTE-error 
tionship is apparently dependent on 


rela- 


the dithculty of the discrimination. 
Thus it 
easy 


has been observed that for 
discriminations, following at- 
tainment of the criterion, VTE fre- 
quency (AB units) decreases (54). 
When more dift cult visual or audi- 
tory discriminations are required 
VTE frquency tends to remain at a 
high level during 


(48, 54). 


overlearning trials 


f 


‘ 
ati l 


ise Learning 

that after a 
gradual decrease in the distance of 
entrance into the blind alley, and 
before entrance is eliminated 
completely, there frequently occurs 
a peculiar and very rapid vibration 


Peterson observed 


Mes 
}UST 


‘s head between the direc- 
he true path and that of the 


1 alley” (37, p. 52). In 
titative study of VTE 
behavior in the maze, Dennis (10, 11) 
reported that more head movements 
occurred in the half of ac- 
quisition trials. Similarly, Crannell 
(8) observed an increase in hesitation 
time and V TLing as rats approached 
criterion in multiple-path mazes. 


| 
Both measures decreased following 


ng bli 


a later qua 


Sec ond 


achievement of the criterion. 

“Back and forth running between 
the starting point and points beyond 
the first 


crease | 


screen’ apparently de- 
trials for 
“always” and ‘“‘sometimes ran" ani- 
mals in one of Maier's (26) maze-like 
reasoning situations. Jackson's (20) 


16-unit elevated maze with jumps at 


with successive 


the choice point was designed to sim- 
ulate the jumping requirement in the 
Lashley apparatus. LPuring acquisi- 
tion he obtained a positive correla- 
tion of .53 between VTE frejuency in 
AB units and errors in individual 
rats, a much larger correlation of 


+.78 between VTE’s and errors on 
maze units, and parallel curves for 
VTE, error, and time measures. 
VTE and error relationships have 
also been obtained in place vs. re- 
sponse learning mazes. Thus in three 
studies by Tolman and his collabora- 
tors (38, 40, 56) it has been noted 
that for both place and response 
learners, as errors decreased VT Ling 
also decreased. Similar direct or 
positive VT k--error relationships were 
observed for 12 and 46 hour hunger 
drive place learners and for response 
learners under the same deprivation 


(53). 


schedules 
Evaluation 

For discrimination learning Tol- 
man has advanced the generalization 
of an inverse relationship between 
VTE and errors, that is, VTE fre- 
quency tends to increase to a maxi- 
imum at about the point where e-rors 
are nearly eliminated (48, 49, 51, 52, 
55). On the other hand, he concludes 
that in maze learning there is a posi- 
tive relationship between VTE and 
errors (55). 

An analysis of the studies sum- 
marized above, however, suggests 
that there are data which contradict 
or are not completely consistent with 
this : 
connection the 
nature of the problem for animals in 
the place vs. response learning maze 
will be suggested later in this section. 

With respect to discrimination 
learning, it will be recalled that 
Yerkes (63), Hoge and Stocking (18), 
and Lashley (23) apparently did 
not observe more frequent VTEing 
as errors were eliminated. Wischner's 
(61) findings for shock-wrong and 
shock-right conditions are also con- 
tradictory as were either the lack of 
correlation or the positive trends in 
correlations between VTE measures 
and rate of learning. Furthermore, 


Tolman’s generalizations. — In 
reinterpretation of 
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the data for Tolman’s (49) white- 
medium gray group and the Tolman 
and Minium (54) findings are not 
entirely with Tolman’'s 
generalization. 
In the maze, 
Jac kson’s (20) 


consistent 


and 


Maier’s (26) 


observations of a 


positive relationship between VTE 


consistent with 
10, 11) and 


These dis- 


and are not 
Peterson's (37), Dennis’ 
Crannell’s (8 
crepancies may be due t 
different 
maze patterns, nO Jumps or Jumps at 


errors 


findings. 
the use of 


types of mazes, different 


the choice point, ete. Regardless ot! 


raise doubts concernl ra 


the general applicability of the thesis 


and 


source, the 


ota parallel decrease of VTE's 
errors in mazes. 
Presumably 
VTE and error relationships for place 
and response learning problems were 
obtained in mazes, Tolman (53) has 
interpreted them in agreement 
with his notion F 
ships in discrimination and = maz 
set-ups. 
and the requirement of a place re- 
notwithstanding, the condi- 
tions of the California studies (38, 
40, 53, 56) of place learning appear to 


approximate nonspatial discrimina- 


because the positive 


‘it relation- 


llowever, the use of mazes 


sponse 


tion paradigms more closely than the 
spatial discriminations of most mazes. 
In the usual nonspatial situation the 
positions ol the pt sitive and negative 
stuumuli relative to both 
animal are shilted and 

the animal ap- 
proach one (positive) stimulus and 


room and 
regardless ol 
location, learns to 
to avoid or not respond to the other 
(negative) stimulus. In place learn- 
ing the position of the animals rela- 
tive to the 
places (stimuli) is changed by moving 
the animal rather than the stimuli. 
As a consequence, on some trials the 
positive place or stimulus is on the 
left and on other trials on the right 
and the animal must learn to ap- 


positive and negative 


WISCH NER 


proach one place or cue and avoid the 
other. If place learning is a variant 
of discrimination learning, however, 
the above-noted observations of dec- 
rements in VEE units as errors de- 
the 
nonspatial 


creased contradict findings for 
more conventional 


crimination conditions. 


dis- 


Evidence in support of a nonspatial 


discrimination learning interpreta- 
ation of phic e learnit v has been re- 
ported bv Blodgett and MeCutchan 
3) who found that animals 


approach a light 


trained 
to turn right and to 
disc simultaneously, would turn lett 
ollowing reversal of the 
Ritchie, \eschliman, and Pierce (39 
that both 
responses, presumably based on kin- 


dlise cue 


also suggested turning 
esthetic cues, and place or approach- 
a-discriminable-positive stimulus re- 
sponses were acquired under place 


Webb (58 
pl ice and re- 


learning conditions. 


hypothesized that, i 
were conceived ats 


sponse learning 


discrimination behavior, the greater 
the difference in extramaze cues the 
stroneer the appro h response to the 
extramaze cue accompanying reward. 
ordance with this interpreta- 


when discriminable 


In al 
tion, extramaze 
cues were plac ed in Opposition to 
the greater the 


the 


turning 
cue ditierences the higher 


respolises, 
per- 
centage of approaches to the positive 
stimulus. 


VTi asa 


j > ne xi £* yy , 
Iix perimental Conditions 


Function of Specia 


Similarity and other characteristics 
of stimulus conditions influence VTE- 
ing in various learning situations. 
Also relevant are motivation and con- 
flict variables, position preterences, 
organic conditions, and cage-rearing. 
Similarity and Other Characteristics 

of Stimulus Conditions 


The influence of 
stimuli-to-be-discriminated on 


similarity of 


VTE 
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frequency has been investigated most 
extensively. Variations in VTE fre- 
quency as a function of spatial angle 
between = discriminanda, — stimulus 
modality, form of visual stimuli, dis- 
tance of stimuli-to-be-discriminated, 
distance of the jump, length of delay 
of reaction or of choice, length of cul- 
and maze rotation have also 
been noted. 


de-sac, 


Stimulus similarity. 
to the role ol 
Yerkes observed 


With respect 
stimulus similarits 
that: 


Whenever the conditi 


nate choice by 


frequently and persisten wever, t 


conditions happen to be absolutely indiscrim- 


nable ... the period of hesitation rapidly in- 
tirst three or fi 
thert the mouse 

y discriminate ar nd more tend 


to rush into one by, ithout | 


creases during the ir series of 


tests, » lessen its ef 
forts t 


VeSiT.) 
I 


tion ination 


Phe suggested relationship between 
and VTE is, 
curvilinear, with relativels 
quencies ot \ Iie tor both 
criminations and “absolutely 
criminable”’ 


similarity therefore, 
lower fre- 


easy dis- 


indis- 
conditions, 

It will be recalled, however, that 
the black- 
white group of cited 
study (49) learned the discrimination 
more rapidly and VTEed more than 
groups which had white-medium gray 


“easy discrimination” 


a previously 


and white-light gray discriminanda. 
Accordingly, Polman concluded that, 
during the acquisition of discrimina- 
VEE frequency 
varied inversely with the similarity 
of visual (and by implication audi- 


ations by animals. 


tory, tactual, etc.) stimuli, that is, 
the the stimuli-to-be- 
discriminated the more frequent the 
VTEing. However, 
not support this un- 
equivocally. Thus, because the ex- 
periment was terminated when the 
white-medium gray group was mak- 
ing only 75 per cent correct choices 


less 


similar 


these data do 


conclusion 


and the white-light gray group was at 
chance levels, it is possible that these 
groups were not given enough trials 
to permit the occurrence of the fre- 
quent \VTE’s which, according to 
Tolman, just precede or accompany 
error elimination. 

Tolman (51 


unpublished 


has also referred to 
that in 
humans similarity has an opposite 
effect, that is, the greater the simi- 
larity of stimuli the more frequent 
the VI Eing. 
difference was attributed to the pos- 
sibility th 
instructions’ or 


observations 


This apparent species 


itratstirst had to ‘discover 
le iri 
instructions 


what-to-do, 
this 
met 
it would follow, there- 
fore, that after rats had learned what- 


through 
prerequisite had 
by humans. 


whereas 


already been 


to-lo the inverse relationship should 
change to a direct relationship with 
VTE un 
creases. 

During test trials, administered 
after rats had learned a black-white 
discrimination, Schlosberg and Sol- 
omon (41) found a direct relationship 
between VTE (ABA units) and the 
degree of similarity of the stimuli-to- 
be-discriminated. Similarly, 


creasing as similarity in- 


Brown 
6 tested the strength ot reactions, 
including the number of head 


AB um 


ts), as a 


move- 
ments function of 
increasingly diuticult discriminations 
alter rats had learned to discriminate 
bright from dim. The group which 
had been shocked for errors during 
training and was one hour hungry 
during the test exhibited an increase 
and subsequent decrease in the num- 
ber of head movements as positive 
and negative stimuli were made more 
similar. This trend was predicted, 
however, as the outcome of conflict 
between a weak approach response 
and a strong avoidance tendency. 
For the other groups increased dif- 
ficulty of discrimination was accom- 
panied by more trequent VTEing. 
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and then retested 
same discrimination, all 
exhibited 

the 
became more diti cult. Because ol 
different training and 
was done after the 
development oi discriminations, these 
results are not directly comparable 
to the Tolman data noted above. 
Schlosberg and Solomon's’ and 
Brown's findings are consistent with 
Tolman and Minium’s (54) observa- 
tions for overlearning trials that, for 
dif! cult \TE fre- 
quency did not decrease with over- 
learning but for easy discriminations 
there was a decline in \V TE behavior. 

Kliver (21) does not present suth- 
cient data to evaluate the nature of 
the relationship between VTE be- 
havior and the similarity of visual 
or auditory stimuli. For weights, 
however, he concluded that ‘in 
experiments requiring = successive 
comparisons we made the general 
observation that a decrease in the 
stimulus difference does one of two 
things: it either abolishes the com- 
parison behavior entirely or almost 
entirely, or it increases the number of 
comparisons’ (21, p. 45). 

Spatial angle between stimuli-to-be- 
discriminated. Tolman (50) found 
VTE frequency in units to be an 
inverse function of the 30°, 80°, and 
130° angular separation of black- 
white discriminanda. The 30° group 
exhibited more VTE’s and _ faster 
learning than either of the other 
groups, and longer choice time than 
the 80° group. More VTE’s and 
fewer errors were recorded for the 
80° group than for the 130° group, 
while the latter group required longer 
choice times than either the 30° or 
80° groups. The longer choice times 
for the 130° group were explained asa 
tendency for those animals to remain 
“stuck” at a particular stimulus, and 


When retrained 
on the 
groups 
movements as 


increased head 


discrimination 
procedures 


because testing 


discriminations, 


to “forget” the alternative stimulus. 
More frequent and persistent VTE- 
ing after learning a black-white dis- 
crimination in a T-shaped than in a 
Y-shaped box has also been reported 
(30). 

Stumulus modality. WKliiver found 
that the relative frequency of visual 
comparisons was greater with visual 
than with auditory or weight stimuli. 
The Gentry data reported by Tolman 
(48) indicated that VTE frequency 
is higher for auditory than for visual 


IKKluver's data for 


discriminanda. 
total frequencies of both visual and 
motor with auditory 
and visual stimuli appear to be con- 
sistent with this conclusion. 

Type of visual form. Kliiver (21), 
who has reported the only relevant 
data on 
visual form, found greater hesitation 


comipal isons 


the influence of types of 
and more frequent comparisons with 
and than with 
squares, circles, hexagons, and irregu- 
lar forms. 

Distance of stimult-to-be-dtscrimi- 


triangles crosses 


nated. Tolman (48) reported an ex- 
periment carried out in his laboratory 
in which conditions were so arranged 
that the black-white discriminanda 
were 23} in. away from the jumping 
platform for one group and 12} in. 
away for another group. It was ob- 
served that VTE frequency in trials 
was considerably higher tor the latter 
group. However, the 23} in. group 
reached a level of only 75 per cent 
correct responses at the termination 
of training. It is possible, therefore, 
that termination of training pre- 
vented the appearance of a higher 
frequency of VTE as the animals in 
this group approached criterion. 
Distance to jump. Schlosberg and 
Solomon have advanced the hypoth- 
esis that “anything that increases 
the general tendency not-to-jump 
(as, e.g., increased distance) will 
increase latencies, increase VTE, 
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and decrease errors’ (41, p. 38). 
Tolman (48) found that in a black- 
white dise 


rimination a no-jump group 


made considerably fewer VTE trials 
than a group which was required to 
jump an 8} in. gap the 
jumping and landing platforms. Sim- 
ilarly, animals which had a longer 
jump from the small platform in Mc- 
Cord'’s (24) delaved reaction set-up 
more doors during the 
last 60 trials than a larger platform- 


It may be noted 


between 


“looked at” 


shorter jump group. 
that 
1 


form size the stimuli for the smaller 


because of differences in plat- 


plattorm group were also farther 
away. 

Length of delay tion 
McCord (24) reported that 
the greater the length of delay in a 
delayed reaction situation the more 
doors examined. “‘A tend- 
Ilv 


to pause oct sional 


reac or of 


? 
cnoice. 


faced or 
and re 
another’ under 


one dk r or 


delay response conditions 
been noted by MacCore 
Muenzinger and Fletcher 
the increase in learning e}: 


resulting from e: 


has also 
uodale (25 

ascribed 
cient Vv 
forced delay at the 


choice point to ‘‘the longer and at 


ys of the stimulh 


33, p. 389). 
Dennis (10) 


times successive faci 
] mstat ed 


to be discriminated 


Length of cut-de-sac. 


found that frequencies of head move- 
ial elimination 


were directly related to length of cul- 


ments and of 


de-sac. 

Retation of the 
completion of place and 
learning trials (53) VTE frequency 
increased slightly as the result of a 
90° rotation of a T maze. 


maze. Followin 


response 


Motivation and Conflict Cond:ttions 
When generalized to other situa- 
tions Schlosberg and Solomon's (41 
thesis that V TE increases as a func- 
tion of conditions which strengthen 
tendencies not-to-jump suggests that 
strength of punishment might be 


Punish- 
fear or 


ie streneths of 


related to VTE behavior. 
ment presumably influences 
— ae of 
“<| avoidance re- 
*s of Various conflict situations. 
VTE might 
1 } ne | , : ° » - — 
also change with variations in drive 
strength and types of conflict. 

Punishment (electric shock). Muen- 
zinger (30, 34) reported more VTE 
trials for and shock- 
. . } aoe } -L- 
wrong groups than for a no-shock 
group. After attainment of criterion 
VTE. frequenc’ the 
quently and I uously 


} 
t 


spoons 


heretore, irequency 


shock-right 


more tre- 
punished 
nained at a 
to the decline 


s 


shock-right 
high level in Col 
in V TEing of the shock-wrong group. 
Wischner (59, 60, 61) found that a 
shock-right group exhibited more 
VTE trials and AB units than both 
no-shock ck-wrong groups, 
although V TEed 
than group 

Brown (6) demonstrated that shifts 


in contlict situations from approach- 


more 


the no-snock 


-h, to double approach-avoid- 


approat 
ance (approach-avoidance —tenden- 
the conflict 
avoidance-avoidance, 


cies to both stimuli of 
situation), to 

which involved 
of punishment, 


increasing strength 
led to increased fre- 
quencies of head movements. More 
lations occurred in the more pun- 

avoidance-avoidance situa- 
tions of the Barker (2), 
(28), and Hunt (28) 
than in approach-approach conflicts. 

Fairlie (13) classified choice-point 
behavior ina black-white discrimina- 
tion box as no-pause, look 1 (paused 
but in one direction 


KKlebanoft 
experiments 


head turned in 
only), look 2 (looked one way and 
went the other), and look 3 (looked 
back and forth three or more times). 
made 
siderably no-pause and 

look 1 the shock- 
right group; frequencies of look 2 
and look 3 responses for the two 


His shock-wrong group con- 


more less 


responses than 
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groups appeared to be more nearly 
equal. 

Muenzinger and Fletcher (32) 
found that a group with hunger and 
escape from shock as motives made 
more errors and exhibited less VTE 
than a second group motivated by 
escape from shock alone. No tood 
was given for the correct responses 
of either group. 
group 


Because the former 


made more errors, it was 
punished more frequently and hence 
should have made \VEE’s. 
Hlowever, the presence of the hunger 


drive, which would presumably de- 


more 


crease VITE’s (see below) and at the 
same time prolong exploration 
the nonexistent food, might have 
accounted for the failure to obtain 
a higher frequency of VTEing for the 
dual motive group. 

It would seem that VT Eing is more 
likely to occur as responses are more 


ior 


frequently accompanied by punish- 
ing consequences. Iligh hunger drive 
and other however, may 
sometimes obscure this relationship. 
Drew's (12) report that rats shocked 
at the door for the right choice VTE 
more frequently than 
shock-at-wrong-door, or 


tactors, 


no-shock, 
shock-at- 
food groups suggests that the locus 
of administration of shock might be 
one of these additional factors. 

aversive) 
Both Brown (6) and Tolman 
and Gleitman (53) 
data which are in accordance with 
the derivation that “anything that 
increases the general level of for- 
ward-going tendencies (e.g., increased 
hunger) will decrease latencies, de- 
crease VTE, and decrease the number 
(41, p. 38). Ina series of 
postlearning tests the former investi- 
gator found that animals run under 
conditions of 48 hours hunger drive 
made fewer head movements than 
animals one hour hungry. The latter 
found a lower frequency of VTE and 


Strength of (appetitional, 
drive. 
have reported 


of errors” 
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errors for place and response learning 
animals run under 46-hours food 
deprivation than for place and _ re- 
sponse learning animals 12 hours 
hunery. 

As noted above, Muenzinger and 
Fletcher (32) reported that a 
motivated by hunger and escape from 
made \VTE’'s 
escape-from-shock group. 


the hunger 


group 


shock fewer than an 
The pres- 
with no 
food for any response, may have had 
the dual effect of 


per ted 


ence ol drive, 
the c\- 

VTE, 
punishment be- 
would 


inhibiting 
yi 

higher trequeney of 
which more frequent 
cause ol 


errors presumably 


have occasioned, while at the same 
errors bi 


prolonging exploratory behavior. As 


time serving to increase 
this study does not 
appear to be a critical test of the 
that VTE’s and 
strength of the hunger drive are in- 
versely related. Sears and Hovland 
(42), who varied the 
motivation for conflicting avoidance 


a consequence, 


generalization 


streneth ol 


responses, found low percentages of 


double reactions {responses to one 
signal and then to the other) in all 
three of their groups of human Ss. 


A hich 


sponses due to equ ility of response 


proportion of blo king re- 
strengths was thought to account for 
the low percentage of vac lation for 
two the vacilla- 
tions of the third group were attrib- 
uted in part to the 
strength of the competing reactions. 


groups; infrequent 


t disy rity in 


Intergroup ditferences in double re- 
actions were not significant. 

Type of conflict. In a study by 
Barker (2), children indicated prelt- 
erence for one ot two liquids by 
moving a lever in the direction of 


choice. These lever movements, 


appearing as lines on recording pa- 
per, were weighted for extent of dis- 
placement and summed to indicate 
amount of VTE behavior. 
observed that the more equal the 


It was 
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preference for any two liquids, the 
greater the amount of VTE behavior. 
Moreover, VTE scores tended to be 
highest when the choice was between 
pairs of undesirable liquids. The 
latter finding is consistent with 
Brown's (6) observation of more head 
movements by rats in an avoidance- 
than in double 
approach-avoidance or approach-ap- 
The 
cited tindings of Wlebanotf and Hlunt 
ord with the Barker 
and Brown results. Miller's (28) re- 
port that Godbeer's children Ss made 


avoidance conflict 


proach contlicts. previously 


are also in act 


movements in double-ap- 
approach- 
approach further 
support to the conclusion that VTE 
the 


more eve 
proach-avoidance than in 
situations adds 


behavior decreases as type of 


conthet shits trom avoidance-avoid- 


ance to approach-approach. | 
land and Sears’ (19 
| 


again tor hunmian Ss, that more doubie 


lov- 
observation, 
responses occurred ino an approach- 
under ap- 


proach-approa h or avoidance-avoid- 


avoidance contlict than 


ance conditions represents a_ slight 


exception to this generalization. 


> 
Position 


Preferences 


lil: frequency and position pref- 
erences during guisition of @ 
Wliiver (21, 


that 


crimination 
pp. 79-80 
BR exhibited no 
havior im a 


res ponse 

observ ed moikey 
comparison be- 
ition 
during the trials on which it was re- 
sponding in terms of a right position 
luspection of 


Polman (49) indicates 


that in the early stages of discrimina- 


weight discrimin 


preierence. curves 


presented by 


tion learning, if position habits were 
there was very little 
As the animals began to 


operating, 
\ TEing. 

respond with fewer than chance er- 
rors, VTE frequency increased. Anal- 
alysis of some of Wischner’s (60, 61) 


data for a no-shock group also sug- 


gests that \VTE’s were less frequent 
during the position habit days early 
in learning than on later days when 
position responses were decreasing 
in strength. Lane's (22) data can be 
interpreted in similar fashion. 

VTE frequency when negative stim- 
uli are on the position habit side. 
Wischner (60) has reported that for 
a shock-wrong and group 
respectively, 74 per cent and 84 per 
cent of the VTE trials occurred when 
the animals, advanced from 
the entrance compartment, happened 


negative stimu- 


no-shock 


«als they 


h first the 


Lo appro ie 
. pacer } . ae 
lus. Forashock-right group, however, 


this value was 42 per cent. These 
the total 
Corresponding 


first 100 


figures are for learning 
period. 


for the 


percentages 
trials for the tirst 
two groups were 72 per cent and 70 
bor 


this value was only 


per cent. the shock-right group 
29 per cent. It 
has been suggested (59, 60) however, 
that for the latter group, the 
shock alley might be 


~* 


No- 
considered 
particularly in the early 
Ss ol learning. These data 
that ter percentage ol 
VTE trials occurred when the animal 


chanced to approach lirst 


“positive a 


stage sug- 


cest the vrea 
the allev 
in the 
the 
s simply trus- 
Further 
data 


in which it received shock, or 
case ol the no-shock 
alley in which it wa 


trated no 


animals, 


food reward 
analysis of no-shock group 
suggested that these animals tended 
to face the negative stimulus first and 
VTE when ic was presented on the 
position habit side. Therefore under 
the Sper itic condition of the presenta- 
tion of the negative stimulus on the 
position habit side VTE trials ap- 
peare 1 to be directly related to posi- 
tion preferences; this relationship was 
most apparent as completed position 
decreased in frequency. 
Since a similar relationship was not 
observed for shock-wrong and shock- 
right groups, a more complicated 


res} IONSeS 
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but as yet unspecified interaction of 
relevant variables is indicated. 
Organic Conditions and Cage-rearing 

Tolman (48) has reported Fried- 
man’s findings that normal animals 
made fewer errors and more VIE 
trials in learning to turn left in a sim- 
ple T than animals with a moderate 
amount of cortical lesion. In another 
California study (48), after rats 
were blinded upon completion of 
place or response learning under 12 
or 46 hour hunger drives, trequencies 
of VTE units were higher. 

Cage-rearing as one type of pre- 
experimental experience apparently 
led to hesitation, treezing, 
and VT Eing at the choice-points of a 
9-unit T maze (7). 


greater 


Response Correlates 

Length of entrance into the cul-de- 
sac or wrong alley. Muenzinger (30) 
reported that for no-shock and shock- 
wrong groups VTEing was seldom 
followed by full penetration of the 
incorrect alley. tlowever, the rats 
of the shock-right group when mak- 


ing an incorrect response continued 
to proceed to the end of the wrong 


alley during the first 100 trials. 
Peterson (37) noted that the hi chest 
frequency of head 


curred when complete 


movements oc- 
entrances, 
half-entrances, and into cul- 
were disappearing and/or 
had disappeared. Dennis (10) has 
reported similar results. Thus, in 
general, VIE frequency would ap- 
pear to increase as length of entrance 
into the cul-de-sac or wrong alley 
creases. With further learning, how- 
ever, VTEing should decrease and 
disappear. 

Correct res ponses. 
Dennis’ earlier study, Dennis and 
Russell noted that “runs in which 
head movements occurred were cor- 


Starts 


de-sac S 


de- 


Referring to 


rect about twice as often as the aver- 
age run or the immediately preceding 
run” (11, p. 307). Fairlie (13) ob- 
served that and look 3 re- 
sponses made by the shock-wrong 
group were apparently related to a 
greater frequency of correct responses 
than the no-pause and look 1 re- 
sponses; this pattern did not hold for 
the shock-right group. In Wischner’s 
(60, 61) study, the least eficient 
shock-right group showed the most 
VTE's for both total learning and 
for the first 100 trials. Moreover, this 
made correct re: 
only 41 per cent of the trials on which 
VTE’s occurred as compared with 
correct responses on 85 per cent and 
89 per cent of the trials on which 
VTEing was observed for the shock- 
wrong and no-shock groups, respec- 
tively. For the first 100 trials the 


look 2 


group ponses on 


percentages for the latter 
were 84 per cent and 73 per cent with 
the shock-right group now respond- 


two groups 


ing correctly on only 28 per cent of 
which VTE 
curred. Wischner suggests, however, 
that if the response for 


the shock-right group is considered a 


trials on behavior oc- 


“correct” 


response of avoiding the shock alley, 
VTE would then be related to ‘‘cor- 
rect” i 

Hlesitation (choice) time 
ot 


choi es. 

As might 
be anticipated, a number of investi- 
eators found that hesitation or choice 
time and VTE frequency were posi- 
tively correlated in discrimination, 
trial-and-error, and delayed response 
situations (49, 20, 24). These findings 
are supported by the results of a fac- 
tor analytic study of rats’ behavior 
reported by Geier, Tolman, and 
Levin (14). Further, Barker (2) and 
Godbeer (28) employing children as 
Ss found a positive relationship be- 
tween VTE’s and the time necessary 
to resolve conflict situations. VTE- 
ing and hesitation time were also 
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directly related in Crannell’s (8) 
path-elimination maze. 

One exception to the generality of 
the the fact that 
the 130° animals in (50) 
study had times but 
made few VITE's, might be explained 
by his hypothesis that the animals 
of the 130° group tended to get 
“stuck” at one stimulus and to 
the other. Other explana- 
tions are no doubt possible. A second 
exception, the breakdown in the 
| head 


relationship 
to the 


preceaing results, 
Folman's 


long reaction 


ae o 
forget 


positive between 


movements and time to run 
food cup ior the tirst 


Brown's (6 roup A 


errors during t 


test series for 


shocked for 


g; tested with one 
hour hunger drive) was corisistent with 
Thus, 
be- 


hesitation time 


his theoretical formulation. 


while the positive relationship 


VTE's and 


le, 


tween 
holds gener experimental 
ns may re- 
this relation- 
With the 
the first 
6) found that af- 
head 
movements, time to run to the food 
(hesitation or time), 
gth of pull in attempting to 
g t of the field, 
backward in the 


Start 


Other re ponse correlat , 
exception of Group A in 
test series, Brown 


ter lear lng was con pleted, 
cup cl oice 
Stre! 


ret OU and distance run 
the 


int were positively inter- 


alley from 
correlated. 

Paylor and argue 
that VIE is limited to choice- 
point behavior in a discrimination 
Postulating that VTE 
movements are preparatory responses 
which have lower thresholds than full 
responses, they used some of Hull's 


Reichlin (43) 


not 


situation. 


postulates to deduce several theorems 
describing changes in and relation- 
ships between various characteristics 
of the velocities of full and prepara- 
tory responses in a situation not 


requiring choice between alternatives. 
Velocity of full responses was defined 
as the reciprocal of reaction latencies. 
Velocity of preparatory responses was 
equal to the number of preparatory 
movements before the final response 
plus one divided by the total time 
the animal faced the stimulus. In 
general, the observed relationships 
between the forms, maximum stand- 
ard deviations, and coethcients of 
variability of the distributions of full 
and preparatory agreed 
with theoretical expectations. 


responses 


VTE anb LEARNING EFFICIENCY 

Muenzinger (30) postulated that 
VTE behavior functioned as primi- 
tive thinking or rudimentary trial 
and error to facilitate acquisition of 
correct choices. Tolman’s similar 
hypothesis, ‘that VTE’s always aid 
the learning which they accompany” 
(48, p. 32) was later restricted to 
discrimination learning (55). 

One set of data relevant to this 
hypothesis, relationships between 
VTEing and errors in discrimination 
and situations, has already 
been evaluated. Because of the per- 
tinence of other findings, however, 
particularly when viewed in the per- 
the importance of the 
VTE and learning eihciency hypoth- 
esis in various versions of Tolman’'s 
examination was de- 
ferred for additional development in 
this section. Criteria for the hypoth- 
esis will be noted belore considera- 
tion of its adequacy. 

Criteria for the learning eficiency 
hypothesis. ‘Vhe relationship to which 
Tolman has referred most frequently 
as supporting the VTE and learning 
eliciency hypothesis involves an in- 
crease in \ TE measures to the learn- 
ing criterion accompanied by a de- 
crease in errors (48, 49). This rela- 
tionship has been supplemented by 


naze 


spec tive ol 


system, final 
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observations, often in the same exper- 
iments, that the groups which VT Eed 
more frequently learned more rap- 
idly. A negative correlation (55) be- 
tween totals of errors and AB units 
for individual animals has also been 
employed as a criterion. (Because 
such totals are dependent on number 
of trials to criterion, AB units per 
trial is probably a more appropriate 
VTE measure.) 
of correct 
which VTE’s occurred 
fourth criterion. 

Some of Muenzinger’s (30) and 
Tolman’s (49) data fairly 
close relationships among these cri- 
teria. llowever, Wischner’s (59, 60, 
61) study, in which all tour criteria 


were determined, does not 


The high percentage 
responses on trials on 


has been a 


suggest 


Support 
high intercriteria correlations. 
Lvaluation of the learning efficiency 
hypothesis. the 
empirical data and the possibility of 


t 
different interpretations — ol 
posedly 


luconsistencies in 


Ssup- 
corroborative observations 
raise doubts concerning the general 
applicability ot the hypothesis that, 
even in. discrimination situations, 
\ TEing per se aids learning. Thus 
it will be recalled that Yerkes’ (63), 
lloge and Stocking's (18), and Lash- 
(23) early observations, the 


curves for Wischner's (61 


ley 's 


L's y 


shock-wrong and shock-right groups, 
some of Tolman’s data (49, 54), and, 
when interpreted as discrimination 
learning, the VTE and error relation- 
ship of the place learning task were 
ipparent exceptions. 


Furthermore 

while higher over-all frequencies of 
VTEing have accompanied more 
rapid learning in some discrimination 
studies (48, 49) this was not the case 
in Wischner’s investigation. | inally, 
Tolman's complementary notion of 
parallel VTE and error curves in the 
maze (55) does not always hold (8, 
10, 37). Data relevant to the first two 


WISCHNER 


inconsistent 
and maze 


criteria, therefore, 
for both 
contexts. 


The predominantly positive corre- 


are 
discrimination 


lations or lack of correlation between 
VTE and errors 
for individual animals during the first 
100 and for all trials for Wischner’s 
three groups did not corroborate the 
r of —.65 reported by 
Kitchie (55). 
and ia discrimination situations 
59, 60, 6l 
in the learning sequence, 
VIL given 


trial tended to be accon panied by a 


various measures 


Tolman and 
Both in the maze (10) 
30, 
regardless of the point 
the occur- 
rence ot behavior on a 
correct: choice. 

Phe general 
encies within 


pattern con 


s1St- 
situations and among 
criteria rejuires ether the 
the learni 


the 


restriction ol iw ebcrency 


hy pothesis or dev el pment ol 


a more satishactors explanator \ 
scheme. | ollowing the 
that of fturthei 


hy pothesis, it can 


ist course, 
restriction of the 
be noted that the 
contradictory data tor discrimination 
learning were obtained in apparatus 
than the Lashles 
Fherefore, it could be postu- 
iated that data favorable to the hy- 
pothesis are more likely to be obtained 


other jumping- 


stand. 


in jumping-stands In this 


would be 


case, 
however, it necessarv to 


explain NMuenzinge ‘'s corroborative 


data for other situations and, more 
importantly, the pertinent special 
the jumping-stand. 

The mazes in which contradictory 
evidence was obtained differed, from 
those in which parallel VTE and 
error curves were obtained. 
the hypothesis might be re- 
formulated by the introduction of 
an, as yet, unspecified situational 
parameter(s). 

Data or inferences from data re- 
ported by Tolman (49), Lane (22) 


and, particularly, by Wischner (59, 


features oO} 


) ee 
gi-y 


too, 
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60, 61) suggest an interpretation of 
corroborative which 
not require the hypothesis that VTE- 
ing has a catalyti 


evidence does 


function in dis- 
crimination tasks. These data con- 
cern the rel tionship ot positior pret- 
erences to \ TEing, particularly, for 
no-shock animals. Specifically, it is 
suggested that strong initial position 
prevent the 
of VTEing during the initial phase 
of discrimination training. 


prelerences occurrence 

Later, as 
tendencies to yo to positive stimulus 
plus left or right side, and to go to 
negative stimulus plus left or right 
initial 
position preferences may continue to 
determine the side first faced. 


side are more nearly equal 
llow- 
ever if the negative stimulus is on 
that si! 
stimulus should 


e, turns toward the positive 
occur with greater 

With each occurrence an 
would be 


frequency. 
AB 


panied by a correct response. 


unit scored accom- 
Phis explanation suggests that any 
conditions, such as the 
stand, hard 
possibly very 


jumping- 


discriminations, and 


large spatial ans les 


between discriminanda, which = art 


likely to occasion strong position 


will also be marked by 
initial periods of infrequent VTEing. 
Then, 


the positive cue 


preierences, 


is animals becin to respond to 
with greater than 
VTE's are likely 


> } 
Is on tie 


lrequency, 


when the ney itive stimulus 


position preterence side. 

It will be recalled that tor Wisch- 
was found that shock- 
with shock-avoidance 
interpreted as the “* response, 
shock-right animals tended to VTE 
when the faced 
first, but such facings were not re- 
Thus, 
position 
preferences<also requires additional 
p! inciples. Eschewing detailed devel- 
opment here, it is suggested that 


ch mce 


ner’s data it 
wrong and, 
correct” 
negative cue was 
lated to position preterences, 


an explanation based on 


analyses of conflict (2, 6, 28), particu- 
larly of the approach-avoidance type, 
approximate the requisite principles. 

To conclude, the learning etticiency 
hypothesis seems neither generally 
applicable nor systematically power- 
ful. Instead, the particular forms of 
VTE and relationships can 
probably be more profitably con- 
ceived as dependent on combinations 
of conditions including position pret- 

Theoretical 
relationships, 
a matter for future con- 


error 


erences and conflict. 
' 


elaboration of these 
however, is 


sideration. 
SUMMARY 


Three aspects of empirical data on 
\ ‘| Ie beh i\ ior | ive been considered: 
(a) criteria for VTE’s (+) antecedents 
to and response correlates of VTE’s, 
and (¢) VTE’s and learning etficiency. 

Iwo criteria for scoring VTE be- 
havior have been employed, VTE 
which involve counting the 
number of times Ss have faced or 
looked at the stimuli of 
choice situations and the VTE ¢tria/ 
defined as any trial during which one 
or more VTE units were scored. After 
noting the lack of standard criteria 
for VTE and the relative lack of in- 
formation 


units 


sides or 


concerning intercriteria 
correlations under various conditions, 
it was suggested that one form of the 
VTE unit, the AB unit, should be 
recorded in all studies. 
Relations! ips between VTE and 
errors in <liscrimination and maze 
learning were summarized and evalu- 
consideration of VTE 
behavior as a function of stimulus 
characteristics, motivation and con- 
flict variables, position preferences, 


ated before 


organic, and cage-rearing conditions. 
VTE behavior was then related to 
length of entrance into the cul-de-sac, 
hesitation time, 
initial facing or turning responses, 


correct’ responses, 
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position preferences, and other re- 
sponse measures. 

The Muenzinger and Tolman hy- 
pothesis that VTEing aids learning 
at least in discrimination situations 
was examined. Four criteria for the 
hypothesis were specified and ex- 
amined in connection with given 
studies. In terms of these criteria 
the lack of consistent findings with 
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respect to VTE and error relation- 
ships in either 
maze situations raised 
the 
pothesis. An alternative explanation 
based on an analysis of the role of 
position preferences supplemented by 
principles of contlict was then ad- 
vanced. 


discrimination or 


doubts con- 


cerning learning eti ciency hy- 
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BACKWARD CONDITIONING 
GREGORY RAZRAN 


Quer ns Coll ge 


Three views are at present current 
among CR students with respect to 
backward conditioning. (a) Back- 
ward conditioning is a genuine vari- 
ety of conditioning but such condi- 
tioning is not readily obtainable nor 
very pronounced, and in the course 
of usual CR training tends first to 
diminish and then to disappear and 
to it quire inhibitory characteristics 
(Pavlov’s view, 18, p. 393; 
earlier view —backward conditioning 
is impossible, did. p. 27).' (6) Back- 
ward conditioning is a genuine phe- 


revised 
*-. . ! 
nomenon but its very special char- 


acteristics, particularly that of di- 
ee 


yr through training, hardly 


minishi 
entitles it to be classed as true con- 
Spoouelr d Kellogg, 36 
conditioning is an 
from the 
the US- 
pseudo-conditioning 
Bernstein, 4: Grether, 9: Harris. 11: 
Oszood, 17; Woodworth and Schlos- 
berg, 42). 


Unfortunately, 


ditioni ig 
(¢ Backward 
artifact, resulting not 
CS-US pairings but 


Sensitization of 


from 


each of 


vy, however, 
of the three views ts based only upon 
eVvi- 
Phe third view ts in partie ular 
out of line with fofal evidence. And all 
certainly are badly in need of recon- 
sideration in the light of: (@) Russian 
experiments that appeared after Pav- 
1927 


Russian experiments 


a limited segment of “its own” 


qiehce. 


lov's two books were published 
and 1928); ( 
that were not considered by Pavlov 
since they were not periormed in his 


own laboratory but in the labora- 

1 The often-quoted statement of Pavlov that 
backward conditioning “is insignificant 
evanescent” (19, p. 381; Russian: “neznachi- 
tel’nvv i skoroperekhodvashchiv,” (21, Vol. 3, 
p. 92) must be translated as meaning “of small 
magnitude and short-lived.” 


and 


tories of Beritov, Bekhterev, and 
Ivanov-Smolensky; and (c) the fact 
that by far most of the American 
experiments on backward condition- 
ing used human Ss and readily re- 
portable and centrally controllable 
Rs which hardly make their 
data alone detinitive with respect to 


‘ ould 


neral. Moreover, 
it should be pointed out here that 
almost all 


conditioning li ge 
discussions of backward 
conditioning seem to have overlooked 
the very the problem; 
namely, the consideration that even 
unstable and 


essence ol 


backward 


theoretical Sig- 


temporary 
CR’'s are of great 
nificance Inasmuch as they obviously 
doubt any CR 
theory that makes “expectancy” the 
non to the 
conditioning 
reflect 
forcement” 


Cast vrave upon 


ine qua tormation ol 
{to some extent they 
adversely upon “‘rein- 
theories) and strongly 


also 


advance “contiguity” and  “con- 
tiguity plus” views. 

The will thus at- 
tempt to offer both a critical evalua- 
tion and a theoretical integration of 
all the experimental 


backward conditioning. This experi- 


present review 


evidence on 


mental evidence consists, to date, of: 
a) 13 experiments from VPavlov's 
laboratories (all with dogs);? (b) 4 
experiments from other Russian labo- 
ratories (two animal and two hu- 
man); and (¢) 13 American experi- 


2? Only one (13) of the thirteen experiments 
from Pavlov's laboratories is discussed in some 
detail in Pavlov’s English texts (18, 19). Two 
other experiments are mentioned only by 
name without any detail (they apparently 
had not been completed at the time of the 
writing of the texts), while the remaining ten 
are not mentioned at all (nine of the ten were 
performed after the texts were published). 
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ments (nine human and four animal). 
All the experiments from Pavlov's 
laboratories (some performed alter 
his death) used dogs as Ss and, with 
the exception of one study in which 
an electric was the US, all 
were of classical design: that is, 
feeding as the US, salivation as the 
quantitative CR, and records of the 
animal's gross behavior as a general 
index of change. The “other Russian 
experiments” are: (a) two by Beritov, 
one on dogs and one on decorticated 
pigeons; (/ in from 
Bekhterev's laboratory with fin 
withdrawal electric sho 
adult human 

Pressman from 
laboratory with 


“view-obtaining,” 


shox k 


») one by Shnirn 


irom 
Os; and 


Ivanov-Sn 
and “verbal” 
niques in school children. 
the American experiment 

(a) two early 


rats, (b) five 


studies 
experime! 
eyelid reaction in coll 
four experiments 
withdrawal 


students; and (d 


(Cc) 
from sho 

miscel] 
with four 
nonkeys 


ies: one 
with 
nary attempt 
patellar reflex 


two 


with 


n college 


3 The two experiments by Naga 
Psy 
rps: “sie 
include 
were n 
complex 
learned wheel rotating and 


0... 209 40; 


instrumental 

Mar press 
over, Nagaty did n 

backward CR’s but 

ward CR trials up 

ward CR’s; more @xa 

ward 
formed instrumen 


classical 

tal CR's (inst: 

can obviously be formed only 

manner). Hence, his experime: 

the writer's opinion, variables 

complex than those under consideration in 
backward conditioning as such, and his nega- 
tive results, while interesting in themselves, 
have little direct bearing upon the main thesis 
of the present review. 


A delinition of backward condi- 
tioning would also seem to be 1 
order. And toa la ve exten 
‘ citio: i 


which 


: 
t tivated 


, lit ] 


1, - , : 
ter the unconaitional 


} Swaine , 
* CONCILION, SUT ulus Is «at 


’ 
a snort uu 


¢ 
ase 


ne 
The activation of the con- 


stimulus. 
J*4° pie a Se : 
ditioned stimulus may furthermore 
a short time after the 
of the action of the 


occur either (a) 
cessation uncon- 
ditioned stimulus o1 hort time 
alter the bee! mi 

In the latter ¢ 

must be wart 

backward 

tion 


lity 
COUMAILL 


ition, 
il one an 
Finally, it may 


backward 


Luitsvil 


Yr townhiconitn 


EXPERIMENTS FR 

LAB 
This 
pcr- 


formed by Krestovnikov in 1913° and 


Krestovnih experiment. 


é 
} ! ' ; ; 
thie classical CXPerils « 


locists who thi 
between react 

tween stimuli will probably 
tion” for “stimul 


gard 


cluded here as 
conditioning. 

* Successful backward ec 
reported in Pavlov’s laboratory earlier by 


nditioning was 
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published in detail in 1921 (13). The 
experiment was carried out in Pav- 
| ryv—F in separate 


lov's new laborat 


j ! 
room, sound-proot animal room, au- 


tomatic administration of uncondi- 


| and 


and 


tron and conditional stimuli, 
capillary recording of salivation 
it was rather exten 
to Six 


vith each one of | 


sive, involving four 
experimentation 
ve dogs. Moreover, 
all the five dogs had previous well- 


developed forward CR's—two dogs 


months of 


he sigh fa whirligig, one toa 
1¢ to the odor of 
the odor of 
kward CS's 
ty with 


oO dogs 
a metronome of 
‘loud 


in one Ca 


and the 
was 5 to 10 


? 


and 2-3 


dogs, at 5—10 
hith animal. 

Both Pavlov (18, p. 

nitels 


showed 


7) and IKre S- 
tovnikov. det state that the 
experiment absolutely no 


evidence of the formation of a back- 
ward CR. 


the 


a detailed per- 
leads to a less 
True, two oi 


' . 
| iowever, 
usal of results 


categorical conclusion. 


the five animals failed to reveal any 
signs of a backward CR even after 
several hundred backward reintorce- 
two had his 
backward CS in the same modality 
as his forward CS—that is, his for- 
ward CR was to the odor of amyl 
acetate and he could not develop a 
backward CR to the odor of vanillin 
after 427 backward reinforcements 
in three and a half months of experi- 
mentation (Pavlov's laboratory sel- 
more than half a dozen 
ts per day). Moreover, 
in these two animals, the hundreds 
of backward reinforcements did not 
have any facilitatory or 
inhibitory effects upon subsequent 
formations of forward CR’s, nor any 
facilitatory or inhibitor Vv effects when 
the backward CS’s were applied 


simultaneously or in close succession 


ments, and one of the 


dom uses 


renniorceme! 


seem to 


of CS's of the previously developed 
ard C Yet, in the three other 
the protocols of the experi- 

do show backward condition- 

even though the conditioning 
night be regarded as_ unstable, 
lic, and of small magnitude. 
In.two of the three dogs, the course of 
the development of the backward 
conditioning, interestingly, was quite 
similar to the reported by 


Spooner and Kellogg (36) 34 years 


1 


K's. 


one 


iter: evident in the early stages of 
and 
But in 
the third of the three dogs, the de- 
velopmental course was V-shaped: 
small in magnitude in early stages, 
absent in the middle stages, and re- 
appearing in somewhat larger magni- 
tudes in the last stage of training. 

Nonetheless, Pavlov himself was 
parently not fully convinced of the 
lity of 


the training but diminishing 


aisappearing in later stages. 


a 


| 
fi 


Krestovnikov'’s negative 
results, as we note that in the early 
twenties he set a number of his 
students to reinvestigate the entire 
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problem. What disturbed Pavlov 
was evidently not so much the im- 
possibility of forming backward CR’'s 
as the reported fact that the back- 
ward CS's remained indifferent stim- 
uli despite several hundred admin- 
istrations while, according to Pav- 
lovian * stimuli 
which do conditioned 
quickly acquire inhibitors 


‘cortical dvnamies,”’ 
not become 
tenden- 
Llence, the task assigned to the 
students was to “what hap- 
pens in the cortex during backward 
conditioning’ with an underlying 
objective of looking for the develop- 
ment of inhibition. 

ix periments reported in 1927 
Anokhin (1 
backward conditioning but only in 
an exploratory manner. — He 
only 12 backward trials in one dog 
and was concerned not with the for- 
mation of backward CR’'s but with 
the aftereffects of backward 
binations upon previously formed 
forward CR’'s to the same and to 
different stimuli. , 


cles, 


study 


1928, 
Was the first to restudy 


used 


comMml- 


The forward CR's 
were to a light, a metronome, and a 
bell; and at first the light, the weakest 
CS, and then the bell, the strongest 
one, were applied once a day at a 
backward delav of 2 
the usual forward delay. 
liowever, while the tive backward 
light combinations reduced greatly 
the forward CR to the light and re- 
duced considerably the CR’s to the 
two other CS's, the seven backward 
bell combinations had no such ef- 
fects. Anokhin explains his results 
that the light 
weaker CS) naturally induced a 
greater amount of inhibition, an 
explanation that obviously does not 
go too far. 

Podkopayev (24) performed a 
much more extensive experiment 
lasting several months. He used two 
dogs, and studied primarily the for- 


sec. instead of 


> 
30-sec, 


by stating being a 
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mation of backward CR’s and only 
secondarily the afteretlects of such 
formations. His backward delay was 
2 sec. and his backward CS's were a 
light in one animal and thermal 
stimulus of 1°C. in the other. But 
here, too, the results were not uni- 
form. No backward CR was formed 
to the light a large 
backward trials but a backward CR 
of small magnitude was 
the thermal stimulus after or 


ifter number of 
formed to 
Iva few 
backward trials. Moreover, the back- 
ward light combinations are re ported 
inhibited the 
formation of a forward CR to 
hieht, while the backward ther 


subsequent 


the 


to have 


stimulus combinations are said to 


have facilitated the subsequent for- 
mation of a forward CR to the same 
stimulus. 


facilitation and inhibition are 


Podkopavev's data on the 
not too 
convincing since no direct evidence 
is available on what the course of the 
forward would 
been without preceding back- 
ward trials. he 


conditioning have 
the 

But 
the 


themselves seem to be 


his results on 


t 
backward CkR’s 


formation of 
quite clear- 
32 introduced the methodo- 
forming 


logical modification ot first 
a forward CR to some CS, then “‘re- 
the 


backward experimentation with the 


versing order” nd studving 
same CS, and then trying the for- 
ward order again. She worked with 
two dogs, using a backward delay of 

3 sec. and CS's of a light and a bell 
in one dog and of a light and a damp- 
ened tuning fork in the other. The 
results are here somewhat more con- 
sistent. In no case did the backward 
combinations, ranging from 49 to 82, 
abolish completely the forward CR’s 
to the same CS's. But the magni- 
tudes of the forward CR’s were re- 
duced considerably—from half 
to nine-tenths of initial values —in 


one 
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three of the 
fourth case 
fork—the CR remained practically 
unatiected. However, unlike those in 
the two previously cited experiments, 
the backward combinations did not 


four cases, while in the 
the dampened tuning 


affect subsequent formations of for- 
ward CR’s to the same CS's. 
Soloveichik (35 
dogs using the same methodology as 
Kite, but backward delays of 5 see., 


worked with two 


and longer periods of total experi- 
mentation. He found that 82 back- 
ward trials abolished completely 
light 


a CR to a weak 


a 
forward CR to a and that 53 
such trials reduced 


noise from 50 to 3 units of condi- 


tioned saliva per half-minute. How- 
to a loud noise 
dog was unaffected by 
135 backward reinforcements, while 


ever, a forward CR 


in the same 


trials 
about three months of experimenta- 
needed to 
ward CR toa bell from 26 to 4 units 
of conditioned saliva per halft-minute. 


in another dog 291 backward 


tion) were reduce a for- 


In short, the experiments per- 
formed in the early twenties, unlike 
the WKrestovi 


ikov study, showed that 


backward CR’s, even 
macuitude 
formed und 


\Nloreove ¢ 


sak ae 
signs genuine CR phenoniena and not 


certain 


these (Ris 


NSTANCE or P CHMLO-CONCIUIONINEG Since 
THEV Were ( 
(on the ot ler h il c| 


1 


» Russian claim 


that backward CRs specifically aiS- 
formation 


characteristics has not 


sume in thet inhibitory 


been bor: c 
out, in the reviewer's opinion, by the 
experiments so far cited. Such char- 
acteristics manifested themselves as 
a large number ot 
backward combinations and the fact 
is that even a large number of tor- 
ward reinforcements tend to reduce 


CR’s and produce so-called “‘extinc- 


a rule only atter 


tion through reinforcements” (Rus- 
sian: ‘‘l'gasheniye s podkrepleniyem,”’ 
31). 

I:xperiments reported in 1933. 
Kreps (12) worked with one dog using 
a backward delay of 2 and 
backward CS's of a thermal stimulus 
of 45°C. and of the odor of camphor 
At first, no CR was in evidence after 
100) backward 
consecutive experimental days. 


3 sec. 


reinforcements in 40 
But 
when the experiment was interrupted 
for a week and a number of the dog's 
previous forward C's were reacti- 
vated to raise the level of 
excitability,” 
CS’s was 


“cortical 
a backward CR to both 
formed in 5-6 backward 
The CRs however, 
quite ul stable, and IXreps seems to 

have been the first 
the bac kward (R's in his dog 


that 
retarded substantially 


ri ils. 


were, 
to show clearls 


subsequent 


formations of forward CR’'s to the 
same stimuli. 
Pavlova (22 with three 


»y the effects of backward 


worked 
dogs studyit 

: age 
conditioning upon both the acquisi- 
tion and 
C's. 


Several seconds” and three separate 


proced 


forward 
She used backward delavs ot 


the extinction of 


ures with appropriate controls 
to study their effects. (a) Backward 
combinations were rotated with for- 
ward combinations in the process of 
dogs to a light and 
forward 
used in conditioning 
nd to the 


conditioning the 


a whistle while only com- 
binations were 
them to a tactile stimulus ; 


bubbling ol 


water. (6) Reinforced 


backward trials were substituted for 
nonrejmtorced trials in a partial-rein- 
forcement technique in which a light 
as a CS was reintorced every third 
trial in a forward direction. (c) The 
extinction of a CR to a bell, in which 
reinforced backward trials were inter- 
spersed, was compared with regular 
extinction of a CR toa hissing sound. 


(The CR strengths of the experi- 
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mental and the control CS's as other- 
wise determined in the laboratory are 
said to have been equal in (a) and in 
(c).) Pavlova's data leave no doubt 
that, while the backward CK trials 
were by no means as effective as for- 
ward ones in producing conditioning, 
they certainly should be classed as 
positive CR variables inasmuch as 
they all aided considerably both the 
development of forward conditioning 
and the resistance of the 
ing to extinction. 
Vinogradov (39 
dogs that had no previous forw 
CR’'s. He used a backw 
15 sec., a combined US-CS activ 
of 15 sec., and a light, a 
a noise, a bell, and 
CS’s. Backward CR's were formed 
ali cases and they all were of con 
able magnitude. Tlowever, thes 
develop more slowly and tende 
diminish upon rep. 
ments than 
Thus, a backward CR to 
nome of 100 beats per minute 
appeared after 12 reinforcements 
magnitude of 5 units of conditioned 
saliva per 30 sec. and continued 
to increase in magnitude until after 
67 reinforcements it equalled a maxi- 
inum of 30 units per 30 sec. But then 
it began decreasing and finally 


condition- 


worked with two 


ird 


metre 


mome, 


a tuning fork as 


ted rel 
more 


dis- 
appeared completely after 135 rein- 
forcements. (Forward CR’s to metro- 
nomes usually appear after 4-8 rein- 
forcements, reach magnitudes of 50 
60 units, and are likely to diminish 
only after several hundred rei: 
ments.) 

Petrova (23) performed an exten- 
sive experiment with three dogs which 
had a number of previous!y formed 
torward CR’s. She used a backward 
delay of 5 sec., a US-CS combination 
of 15 sec., and backward CS's of a 
hissing sound and of a rising white 
figure on a black background. Back- 


:Orce- 


ward CR’'s of small magnitude were 
\ ino- 


Wi triably 


formed in all cases but, as 
gradov's study, they, too, 
began to diminish 1 h uurse of 
red. 
id- 
minister a large number of backward 
reinfors 
appeared and found that these rein- 
forcements, as well as n 
applications of backwar 


+ 


to altect 


troainipe 


‘ 
CPalnine ! 


nally qdisappea 


; 
and 
liowever, Petrova continued 


ements after their CR’s dis- 


onreintorced 
1 CS's, came 
the 
forward 


s’ tot il be- 


negatively not only 
the animals’ 


! 


magnitudes of 
: ‘ene 
iso the animal 


s but 


mental anin 
Phus, the experime: 
t out thi 1) back- 
formed 
it was thought 


rher, and that the magnitudes 


>? 1 
33 have broug 
vard ¢ kk s could certainly be 
readily tl 


backward (R's may be compara- 


training 
1933 

- alleged 

proper bar k vard 
CS’s appear only after the ba 


do torwart 
experimen 
inhibitory 
kward 
CS's cease evoki nad disclose 
the interesting fir 


(IS are more re 


delays of 12-15 se 
. nd 


of 3 sec more 


than with delays of 2-3 sec. 
iexperiments reported in 1940. Nez- 
hdanova (16) with 
weak US's, the istration of 
0.1% of HCl later 
strengthened to 0.3%. back- 
ward delay was 3-5 sec., 


experimented 
admin 


which 


was 
The 
the back- 
ward CS was the bubbling of water 
the US-CS combination 


lasted 
live trials were made each 


and 


1U sec. 
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day: four reinforced training trials 
iforced test trial, and 


the intertrial interva! 


and one nonrei 
s were always 5 
min. The backward CR appeared 
alter the twelfth reinforcement and 
in magnitude 
There was no de- 
in the backward CR after 445 
reinforcements, and im all respects tt 
ed tblished 


continued to increase 
in regular fashion. 
crease 


7 
a reguiar wel-e 


5 


heha vé ke 
forward CR, 

otrogan (37 
ol transto Ning 
backwat es in two dogs. He 
! 


studied the effects 
forward Ck’s into 
used 
clay of 2-3 sec., bub- 
a backward CS, and 


the effects differed with 


| 


In one animal, the back- 
mbinations d the 
forward CR while in the other thev 


diminished 


e- 


increased it. Stroganov explains his 
terms of Pavlovian typol- 
ogy, an explai t has but little 
meaning whe nimals were 
back- 

rs in 
which | 
shock was the 1a bell was the 


ey 


} 
mental proce 


used rate experi- 
the 
. and the bell 
iimediately 

whereas 1 


In one dog, 
] ’ 


' . f , 
SHOCK lasted LOT & SCC 


Was soul led IO! sec. 
after I 


lasted for 


nN 
) 
- 


sec. by the 
bell, and then given alone for an- 
ils were made 
each dav: | reinforced training 
inforced test trial. 
With the first procedure, a backward 
Ch formed after 19 
ments but disappeared atter 47 rein- 
‘ments; with the pro- 
f any CR was 

noted after 56 reinforcements. 


The experiments reported in 1940 


other 
trials and one nonre 
re infore e- 


Was 


second 


have thus added two significant facts 
to the knowledge of backward condi- 


tioning; (a) the fact that an undimin- 
ishing backward CR of high magni- 
tude could be formed under certain 
circumstances; (0) the fact that with 
electric shock as the US, a backward 
Ch may be formed when the CS is 
applied immediately after the cessa- 
tion of the US but not when it is ap- 
plied during the action of the US. 


OTHER RUSSIAN EXPERIMENTS 


Beritov's experiments. Beritov ex- 
perimented with two dogs (2) and 
with a decorticated pigeon (3). He 
used “unavoidable” electric shock as 
the US, and CS's of the sound of a 
netronome and of an organ pipe, 
and the flashing of a light. Heseems 
to have been most successful with 
the decorticated pigeon in which a 
stable withdrawal CR was estab- 
lished by flashing the light 2-3 sec. 
after the cessation of the application 
of the shock. But a backward CR was 
also formed in one dog by sounding 
a tone of 512 on the organ pipe im- 
mediately or 1-3 sec. after the cessa- 
tion of an electric shock of 2-3 dura- 
tion to the animal's right forepaw. 
This CR developed quickly after 5 
reinforcements but did not attain 
stability even after 100 reinforce- 
ments and was extinguishable in 2-3 
nonreinforced trials. However, both 
Beritov's dogs failed to show any 
evidence of backward conditioning 
when (a) the shock lasted 30 sec. and 
a metronome was sounded 3-10 sec. 
atter the beginning of the shock; and 
(>) a light was flashed 10-20 sec. 
after the cessation of a strong shock. 
Beritov’s results thus corroborate 
those of Narbutovich (supra) that 
with shock as the US, backward CR's 
nay be formed when the CS is ap- 
plied after the cessation of the US 
but not when it is applied during the 
action of the latter. 

Shnirman's experiments. The origi- 
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nal report of Shnirman’s experiment 
was, unfortunately, unavailable to 
the reviewer who thus could only re- 
state Russian summaries that ““Shnir- 
man worked with a large number of 
adult human Ss and found backward 
conditioning possible when the sound 
of a bell was applied 2-3 sec. after an 
electric shock as the US" (2, 15). 
Pressman's Pressman (26 
attempted backward conditioning in 
14 school children 7-12 vears of age 
with the use of four different tech- 
(a) tinger-withdrawal 
faradic shock: (d 


study. 


trom 
so-called “Tvanov- 
Smolensky food-obtaining technique” 
in which child presses a rubber bulb 
to obtain some food, usually candy; 


niques: 


(c) so-called  “Ivanov-Smolensks 
orientating or view-obtaining tech- 
nique” in which the child presses the 
bulb to view some scenery; and (d) a 
“verbal technique” in which the child 
presses the bulb in response to /:’s 
command, The CS’s were i 
auditory stimuli 


all cases 
a bell, a crackling 
noise, and tones C and HH on a Lorn- 
bostel variator— and were always ap- 
plied immediately after the 
tion of the US 


electric shock. The 


CeSSa- 
pressing the bulb or 
finger-withdrawal 
experiment lasted only for two ses- 
sions in Which only 40 reinforcements 
were made, and its negative results 
could not be too conclusive. llow- 
ever, the three other experiments con- 
tinued for hundreds of trials, and vet 
in no case was a stable backward CR 
established, while in most cases it was 
formed at all. The children’s 
spontaneous verbal reports of “What 
is the bell for?’ “‘Say please what is 
the sense of the bell?” ete. 
interest. 


not 


are also ot 


AMERICAN EXPERIMENTS 
Karly experiments with white rats. 
The first American study what 
would now be called backward con- 


of 


GREGORY 
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ditioning was performed by Carr and 
Freeman (5) with white rats. 
The rats tailed 1,500 
trials, to “turn around and retrace a 


nine 


learn, in 


path” at the sound of a buzzer when 
the had 
time approximately 1 see. 


Coo} 


each 
after the 
of the path leading to food was 


buzzer been sounded 


closed, while two other groups ot rats 
the 
buzzer was soun 


association when the 


learned 
ded sity ulianeously 
with the closing of the 


proximately 1 sec. 


door or ap- 
betore the door 
was closed (the performance of the 


wing inferior 


simultaneous” group | 
though, to that of the “1 se 


Yarbrough (43) moditied the 


and Freeman study by combin- 


before” 
group). 
Cart 
ing an electric shock with the buzzer, 
which in a large wa 

a different leat 

l to 


retrace thei 


first hic 


miiists ' 


sone 
do the same 

Which preceded, toll 
plied simultas 


‘hack: 


follow 


lwo * 


oO! ine 


waiter tour 


buzzer 1 se« 


before t 


taneous | 
seven 

rats. 

quite different 
Freeman. 
mastered the 
tion quite well 
after” 
as the “1 sec. before’ group a 
‘] sec. or’ ul Va il 


per cent 


group was aln 


before” 

I:yelid reactions. In Cason’s 
experiment (7), one S wi 
to “naturally” 
during which 


group. 


is allowed 


wink for tive hours 


“several thousand 
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have been made,” and 
nected with a 
Ww hie h ( lic ked 
“when the natural wink was practi- 
Yet, 40 trials with 
tlon c did hot 
reaction. ( 


“ ’ 
Winks must 


these winks were co! 


telegraph = sounder 
cally completed.’ 
the cli k 


wink 


produe ec anv 


ctSOtrl 


duplic ated 


his experiment 13 vears later with 8 
two to four hours pro- 
i total of 17.727 natural winks 
304 tin 

But only 32 winks were 

304 tests and 21 of the 


. who 


Ss who durit 
clues | 


tes with the 


inde Tht 

uint of back- 

38) dis- 

it, while 

he found 

at all. 

ck as the 

aud backward 
Se Switzer 

as the US, a 
wkward in- 

\nd Porter used 
US, a brief tlash 
ind: backward in- 


ils of 7 al OS sec. Bernstein 
gested that Switzer's 


Sallie ah 


positive results might be due to 


‘facilitation’ »-conditioning 
But it is 
Switzer's 


(pseud 
which mav well be true. 
likely that all of 
data could be accounted tor 

Phe fact is that the sta 
evelid 


very ul! 


conditioning 


deed be regarded as 
eet 

ne liiree /ts ke ivV- 
“ason study as a sper ial 
continued his experiment for 
1 maximum 
of 65 US-SC pairings—and all used 
adult and overlooked the 


consideration that backward condi- 


more than one. session 


human Ss 


tioning may require special circum- 


stances to be obtained and main- 
tained and still be a genuine CR 
phenomenon, The entire problem is 
in need of reinvestigation on a larger 
nd with a fresher outlook. 
Finger-withdrawal shock. 
Wolfle’s two experiments (40, 41 
with “avoidable” well 
known. She used in her first experi- 
ment 10 Ss with a backward interval 


of .25 sec. a 


= ale atl 


from 


’ : 
SHOW are 


nd 10 with one of .5 see., 
kward intervals in her 
experiment were .2, .6, 1.0, 
all d 2.0 Sec. used with 24 Ys divided 

7 In the 


into groups of 5-7 
first experiment, the backward inter- 


while the ba 


} 
SCOT) 
Ss each, 
vals of .25 and .5 sec. 


tively 10 
tionine 


vielded respec- 
and 13 per cent of condi- 
as comp red with 29 and 37 
per cent obtained with forward inter- 
vals of the 
second experiment, the backward in- 
tervals of 1.0 sec. actually produced 
more conditioning than the forward 
intervals of 1.0) sec. . Wa. é per 
cent—while backward intervals of .2 


and .6 se prod iced Ol lv 7 and 10 


the same duration. In 


per ¢ t conditioning as compared 


en 
52 and 37 per cen 


with t for forward 


intervals of the same duration. There 
is no doubt that Woltle’s experiments 
show backward conditioning, and the 
reviewer is by no means ready to 
ittribute it all to pseudo-condition- 


ing. tlowever, larger-scale experi- 


‘ntation is needed here even more 
than in the case of the evelid condi- 
the 
tinger-withdrawal from shock is, as it 


28).° 


tioning, since conditioning of 


known, notoriously variable 


The number of trials needed to 
k-withdrawal CR in 21 = h 
ments was noted by the 
1 m 7 to 1,340. The mean 
was 213 and the SD was 255 American Es 
report shock-conditionings in 


human Ss in terms of percentages of Ss con- 


form a 
iman Ss in 
hree R lan exper 
reviewer to range tre 
7 


commonly 


and as a rule do not 
of the CR processes in the 


ditioned in one session, 


pursue the study 
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Harris (11) used 13 Ss who ‘‘were 
acquainted with the essential facts 
of conditioning,” a “loud 
4.75 sec. duration which followed im- 
mediately a shock of .25 duration as 
the CS, and one experimental session 
of 80 US-CS pairings. A certain 
amount of backward conditioning 
was obtained which the reviewer, 
unlike Harris, believes could not 
justifiably be attributed ‘almost 
completely” to nonassociative factors 
or pseudo-conditioning by Harris’ 
own data. 

Spooner and Kellogg (36) no doubt 
performed the best controlled and 
the most extensive backward CR ex- 
periment in this country. They used 
Ss who were “naive with respect to a 
knowledge of the psychology of learn- 


tone’ of 


ing and of the nature of condition- 
ing,’ an “unavoidable” but ad- 
justed shock intensity which always 
produced withdrawal 
ment, complete polygraph recordings 
of not only stimuli and responses but 
also of latencies, and an experimental 
which lasted for two hours 
and was divided into five “experi- 
mentation blocks’ separated by 5- 
min. rest-periods. The backward in- 
tervals were .25 sec. with one group 
of 10 Ss and .5 with another 10 
Ss, and their results certainly 
rant their conclusion that ‘backward 
exists and that it must 


i 6-in. move- 


session 


Sec. 


War- 


conditioning 
be accepted as an established fact” 
(:did., p. 328). On the other hand, 
the reviewer does not concur w the 
that 

, 


apparentiy 


ith 
Spooner and Kellogg statement 
“backward conditioning ts ap; 
an entirely different phenomenon from 
forward conditioning’ (:bid.; ital. in 
text). The statement seems to be 
based primarily upon findings that 


nonconditioned Ss. Russian Es have been 
known to continue their shock-conditionings 


in human Ss for several months. 
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backward CR’s had 
han the forwari 


ISO sec. lor 


the shorter 
latencies : 
mean ot 
vals of .5 sec. vs. me 


ils of 


forward int 
—and that the backwar 

ished in frequency in t! 

usual CR training. However, neither 
of these would seem to justify divest- 
ing backward cond 
rightful name. Latencies ol 
of CS-US 


and there is no reason why rad 


‘ry 


onditioning 


functions 


lifferent wt } 
aqinerent as 


produce 


The 


sec. Wa 
differed 

of the tor ! 
vals than the 
mean latency of 
.5-sec. iter ils. 
CR diminution 
be 


remembere: 
in 
! 


also 


CR’s the ea 


ments mai 

but that late: 
lengths of backwar 
strengths of CS's ane 


tion 


diminution to be 
characteristic of backwar 
ing.? 

us exbe 


he) > — 
li lSCeLanedti 


(9 established 


tional’ CR in 


i bac 


two mon 


evs by using 


in explosion of flash powder or a 


“Snake blowout” da bell 
as the CS; but 1S 


two 


then 
monkevs formed 

same CR through pseucdo-condition- 
ing. Similarly, Harlow (10) showed 


pseudo-conditioning to be as effec- 


control 


7 Through an oversight 
Fitzwater and leis: 
cluded in the present 
! idabl wer i rawal in 
ten , an und little 
dence for backward conditioning. 


Reisman use 


Cc Hlege students, and 


evi- 
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if not more effective than, 
condi- 


tive as, 
either backward 
tioning in four goldfish when a strong 
shock was used as the US and a mild 
shock as the CS. Both these experi- 
ments are of prime significance in 
focusing the need for ‘‘pseudo-condi- 
tioning controls’ which Pavlov's 


or forward 


laboratory recognized years ago. But 
they obviously shed no light on the 
problem of the specific existence and 


conditioning. 


subjects—very 


nature of backward 


Their stimuli and 
strong US's in one case and animals 
low in phyletic scale in the other— 
are indeed too special to warrant 
generalizing their data to other more 
usual CR situations. Finally, it 
might be mentioned that Switzer 
38) reported in a preliminary study 
successtul backward patellar condi- 
Ss and failure of 
conditioning in 3 
that 
pupillary conditioning (6 
backward in essence, the bell follow- 
ing the beginning of the action of the 
light. 


zo 3 
GSR 
and 


tioning in 
backward 
other Ss, Cason's early 
was really 


INTEGRATIVE DISCUSSION 
AND THEORY 


The sum total of the reviewed ex- 
perimental studies leaves no doubt 
that backward 
genuine CKX-associative phenomenon 
that is obtainable and maintainable 
under special conditions. The posi- 
tive evidences for it are not only more 
numerous but, as revealed in the ex- 
periments of Vinogradov and Nezh- 
danova, clear-cut, otherwise unac- 
countable, and a product of months- 
long observations on animal Ss. The 
negative evidence, on the other hand, 
as found in the experiments of Porter 
and of Bernstein comes from short 
one-session studies with adult human 
Ss that could hardly be regarded as 
either definitive or exemplary with 


conditioning is a 


respect to conditioning in general. 
Hence, the hypothesis advanced by a 
number of American experimenters 
and writers in this area, that back- 
ward conditioning is an artifact of 
pseudo-conditioning, might as well 
be rejected outright. The hypothesis 
would probably not have been offered 
if the essence of the reviewed Russian 
findings were known in this country. 
Moreover, a tenable argument can 
be made for not accepting the hy- 
pothesis even on the basis of avail- 
able American data. The best-con- 
trolled American with 
human Ss, that of Spooner and Kel- 
logg, and the only American animal 
experiment in which standard ani- 
mals and standard CS’s and US's 
were used, that of Yarbrough, do not 
support it. 

Nonetheless, it is also obvious in 
the cited studies that backward con- 
ditioning and 
requires special conditions for forma- 
tion and maintenance. <As so far 
noted, the special conditions for for- 
mation appear in the main to be: (a) 
a US that is not too strong (Nezh- 
danova, 16) as well as a CS that is 
not too weak (Podkopavev, 24); (4) 
with food as the US, a US-CS delay 
of some length (5-15 sec.; Solovei- 
chik, 35; Vinogradov, 39); and (c) 
with shock as the US, applying the 
CS after the cessation and not during 
the action of the US (Beritov, 3; 
Narbutovich, 15). More special 
conditions might of course be re- 
vealed in future experiments but the 
present ones certainly seem to be 
little in accord with either a CR 
theory of “drive reduction” or one of 
“contiguity” in which coincidence of 
UR and movement-produced stimuli 
is assumed, not to mention “cognitive 
and expectancy” CR theories which, 
as indicated earlier, are in general out 
of line with any backward condition- 


experiment 


presents ditt culties 
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ing. Indeed, about the only view 
which the special conditions of back- 
ward conditioning would fit is the 
one of ‘‘dominance-contiguity” which 
the reviewer suggested some vears 
ago (28, 29) and which in essence is 
only a behavioral reconceptualiza- 
tion of the doctrines of Pavlov and 
of Ukhtomsky and in a number of 
respects not unrelated to Lashley’s 
concept of ‘“‘what is associated”’ (14) 
and to F. Sheftield’s discussions of 
consummatory behavior and ‘‘drive 
induction.” According to this view, 
(a) conditioning requires not only a 
minimum of US and CS strength 
but also an optimum strength-ratio 
between the two: the US must be 
considerably stronger than the CS 
to dominate it but not so much 
stronger as to completely “ground” 
it; and (6) in CR situations, the 
dominance of a stimulus is a func- 
tion not only of its intensive but also 
of its temporal characteristics: prece- 
dence in time enhances dominance 
greatly, while duration gradually 
lowers it. Hence, (a) the difficulties 
encountered in backward condition- 
ing may be conceived of as being due 
toa US that is overdominant through 
combining its own intensive domi- 
nance with the dominance of prece- 
dence in time; and (b) conditioning 
may be effected when the US is either 
comparatively weak to begin with or 
becomes weakened through duration 
(with food as the US) or cessation 
(with shock as the US). (In Pav- 
lovian terms, it means that the US 
must be strong enough to produce 
irradiation of excitation but not so 
strong as to produce negative induc- 
tion, while subjectively we may say 
that in backward conditioning S 
must not be so much preoccupied 
with the US that the CS is not at- 
tended to.) 

On the other hand, the diminish- 


ability of backward conditioning in 
the course of usual CR training, 
which while not an invariable charac- 
teristic (16) is still probably more 
common with backward than with 
forward CR’s, might be interpreted 
in two ways. First, it may be argued 
that the formation of backward CR’s 
of a CS-US direction is often paral- 
leled by a formation of “reverse” 
forward CR’s of a US-CS type—that 
is, the US's become CS's and the 
CS's, US’s—and that these “reverse” 
forward CR’s come to interfere with 
the backward conditioning. Both 
Beritov (3) and Bernstein (4, pp. 
192-194) clearly demonstrated that 
the shock stimuli (the US) in their 
experiments came to evoke sound 
(CS) and the many in- 
stances of reduced UR’s in the back- 
ward conditionings of Pavlov’s labo- 
ratories are no doubt further illustra- 
tions of this characteristic. Second, 
it may be contended that at least in 
human Ss the perception of the 
stimulus relations in the CR situation 
arising in the course of CR training 
tends to reduce and nullify the 
formed backward CR’s. Or, in other 
words, while the acquisition of back- 
ward conditioning is assumed to pro- 
ceed along noncognitive S-K lines, its 
extinction may well be conceived of 
as involving cognitive-perceptual fac- 
tors. To be sure, the extinction of 
backward CR’'s is more often than 
not gradual in development. But 
this by itself could not be held as‘an 
objection to the present assumption 
since in uninstructed Ss (Ss whose 
attitudes to, and cognition of, the CR 
situation is not controlled by special 
instructions) the manifestation and 
effectiveness of cognition in condi- 
tioning is in itself often progressive in 
nature. Lastly, it should be noted 
that the mechanism that may under- 
lie the two interpretations—(a) re- 


reactions, 
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verse conditioning interference and 
(b) cognitive factors—are not likely 
to be mutually exclusive, so that 
either or both may well be cperative 
in any particular CR situation. 


SUMMARY 


1. Data of 13 experiment from 
Pavlov’s laboratory (all with dogs), 4 
experiments from other Russian lab- 
oratories (two animal and two hu- 
man), and 13 American experiments 
(nine human and four animal) on 
backward conditioning were analyzed 
and evaluated. 

2. On the whole, the analyzed evi- 
unmistakable in demon- 
strating that backward conditioning 
is not a case of pseudo-conditioning 
but is a genuine CR-associative mani- 
festation, and that stable backward 
CR’'s can be obtained and maintained 
under favorable experimental condi- 
tions. 


dence is 


3. Roughly, the conditions favor- 


able for the formation of backward 
CR’s are a US that is not too strong 
and a CS that is not too weak. With 
food as the US, backward condition- 
ing is more readily obtained when the 
US-CS interval is 15 sec. than when 
it is 5 sec. and more readily with 5 
sec. than with 2 sec. intervals. With 
shock as the US, backward condi- 
tioning seems to be possible only 
when the CS is applied after the 
shock has ceased and not when it is 
applied during the action of the 
shock. 

4. In general, the main evidence 
on the formation of backward condi- 
tioning —both the favorable and the 


unfavorable factors—does not fit well 
the CR theories of either Guthrie or 
Hull or Tolman. It could, however, 
be accounted for by the writer's 
“‘dominance-contiguity’’ view which 
presupposes a favorable US-CS ratio 
of strength for effective condition- 
ing—that is, the US must be domi- 
nant but not excessively dominant 
over the CS; or, in somewhat subjec- 
tive terms, the organism must not be 
so much preoccupied with the US as 
to fail to attend in some degree also 
to the CS. 

5. Backward conditioning is more 
subject to “extinction through rein- 

rcement” than is forward condi- 
“ioning, especially in the case of hu- 
man Ss. <A possible explanation for 
the phenomenon might be either 
that (a) Ss develop in the course ol 
the backward conditioning a counter 
perception which centrally reduces 
the conditioning, or that (5) “‘re- 
verse” conditioning is set up—CS's 
becoming US's and US's becoming 
CS's—as the temporal dominance of 
the CS’s exceeds the intensive domi- 
nance of the US's. Experimental 
evidence for the operation of both 
mechanisms in conditioning has been 
long known. 

6. The fact that (@) with food as 
the US backward conditioning is 
more efiective with 15 sec. US-CS 
delays than with shorter intervals 
and that (>) with shock as the US it 
is effective only when the CS is ap- 
plied after the shock has ceased, may 
well be taken as evidence against 
any assumption that backward CR’'s 
are merely forward CR’s to traces 
or aftereffects of CS’s. 
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THE OPERANT CONDITIONING OF 
HUMAN MOTOR BEHAVIOR! 


WILLIAM S. VERPLANCK 
Harvard University* 


A very large body of experimental 
results have accumulated in the field 
of operant, or instrumental, condi- 
tioning of the rat, the pigeon, and of 
other experimental animals. The 
application to human behavior of the 
laws generated by such research is 
most often done by the use of theory. 
An alternative method is to demon- 
strate that the manipulation of 
classes of empirically defined vari- 
ables that produce specific and highly 
characteristic changes in the beha- 
vior of small experimental animals in 
Skinner boxes’ produce — similar 


changes in the behavior of college 
students. 
This paper reports procedures for 


the direct application of the variables 
defining the paradigm for operant 
conditioning to human _ behavior, 
and shows that human beings act 
very much indeed like experimental 
animals when they are subjected to 
the same experimental treatments. 
It suggests that direct application of 
conditioning principles to some cate- 
gories of human behavior may be 
justified. The procedures are simple, 
and they may be followed by anyone, 
with a minimum of equipment. 
That it is possible to condition hu- 
man motor behavior will surprise few 
who are concerned with behavior 
theory. Nevertheless, it has not 
always been clear what behaviors will 


1 The substance of this paper was presented 
to the Psychological Society, University 
College, University of London, in May, 1953. 
The writer wishes to express his thanks to the 
many students whose data were made avail- 
able to him. 

* Now at Stanford University. 
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act as ‘‘responses,’’ what events will 
prove to be “reinforcing stimuli,”’ or 
exactly what procedures would most 
readily yield reproducible results. 
This paper describes methods that 
have been worked out for easy and 
rapid operant conditioning of motor 
behavior in humans, states char- 
acteristic findings, and reports sample 
results. Developed in a series of 
exploratory experiments in an ele- 
mentary laboratory course in psy- 
chology, the methods may have a 
wider utility. 


Development of the Method 


In one year’s class in the introduc- 
tory laboratory, an attempt was 
made to reproduce the Greenspoon 
effect (1), in which the rate of saving 
plural nouns is brought under experi- 
mental control by the use, as a rein- 
forcing stimulus, of a smile by the 
experimenter, or by his saying ‘‘Mm- 
mm,”’ or “Good.” The results were 
indifferent: a few students had good 
success with some subjects; the ma- 
jority failed with all their subjects. 
The successful students seemed, cas- 
ually, to be the best-looking, most 
mature, most socially acceptable; 
they tended to have prestige. This 
suggested that the procedure was 
effective if S “‘cared”’ about E's be- 
havior; that is, if he noticed, and re- 
sponded in one way or another to 
what E said or did. 

This observation is consistent with 
the Guthrian (but Skinner-box-de- 
rived) view that if one could isolate 
any single property shared by rein- 
forcing stimuli (whether ‘‘primary”’ 
or “‘secondary”’), it would prove to 
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be that all reinforcing stimuli pro- 
duce a vigorous response of very 
short latency (2). Greenspoon's pro- 
cedure was therefore modified to 
force S to respond to the stimuli that 
FE wished to use as reinforcers. There- 
after, the incidence of failures to 
condition human Ss dropped con- 
siderably. 

Using these methods, many kinds 
of stimuli have been found to be 
reinforcing in the hands of student 
experimenters, and a wide variety 
of responses have been conditioned. 
Data have been gathered on _per- 
formance under regular reinforce- 
ment, and under such other sched- 
ules as variable and fixed interval, 


and variable and fixed ratio (3, 4), 
both in establishing rates of response 
and in yielding extinction curves of 
appropriate form after the termina- 
Experiments 
have been done on response differen- 
tiation, discrimination training and 


tion of reinforcement. 


Indeed, there is reason to 
believe that the whole battery of 
operant phenomena can be repro- 
duced in a short time. Incidental 
data have been obtained on ‘‘aware- 
“insight,”’ or what-have-you. 

Here is a sample set of instructions 
to - for human conditioning. In pre- 
senting the method more fully, we 
shall amplify each section of these 
instructions in turn. 


chaining. 


ness,” 


Procedure: IIuman Motor 


Conditioning 


Operant 


1. Instruction to subject: “Your job is to 
work for points. You get a point every time I 
tap the table with my pencil. As soon as you 
get a point, record it immediately. You keep 
the record of your own points—try to get as 
many as possible.”’ As necessary: “I'm sorry, 
I can’t answer any questions. Work for 
points.”” DO NOT SAY ANYTHING ELSE TO S. 
Avoid smiling and nodding. 

2. Reinforcing stimulus: pencil tap. 

3. Response: tapping forefinger to chin. 
Be sure the tap on the chin is complete 
before reinforcing—that is, be sure that S has 


tapped his chin and withdrawn his finger. Dur- 
ing regular reinforcen.ent, be sure S does not 
“jump the gun” and record a point before you 
give it to him. If S does this, withhold rein- 
forcement and say: “You got no point that 
time. You get a point only when I tap the 
table. Be sure you get a point before record- 
ing.” 

4. Procedures: Observe S; determine oper- 
ant level of chin-tapping before giving in- 
structions, 

a. Approximation 
tap (described later). 

b. 100 regular reinforcements of chin-tap. 

c. Shift to: 

[} of the subjects] 30-second fixed interval 
reinforcement. 

{4 of the subjects] fixed ratio reinforcement 
at ratio given by S's rate per 30 seconds. 

[When shifting from regular reinforcement 
to the schedule, make sure that S doesn't 
extinguish. If his rate has been high, you'll 
have to shift him, perhaps, to a 20:1 ratio— 
with such a change, S will probably extinguish. 
Prevent this by shifting him first toa 5:1 ratio 
(for 2 minutes), then to 10:1 (for 2 minutes), 
then to 20:1. Similarly, put S on 10-second 
F. I., then a 20-second F. I., and finally on a 
30-second one.] 

Continue for 500 responses. 

d. Extinguish toa criterion of 12 successive 
15-second intervals in which S gives not more 
than 2 responses in all. 

5. Subject’s ‘“‘awareness”’: 

|i of S's] Record any volunteered statement 
made by S. 

{} of S’s] At the end of the experiment, ask, 
“What do vou think was going on during this 
experiment? How did it work?” 

[hk of S's} Add to instructions: “When you 
think you know why you are getting points, 
tell me. I won't tell you whether vou're right 
or wrong, but tell me anyway.”’ At about the 
middle of each procedure, ask, “What do you 
think we are doing now?” 

[3 of S's] At the beginning of each procedure, 
give S full instructions: 

a. “You'll get a point every time you tap 
your chin, like this."". (Demonstrate.) 

b. “From now on, you'll get a point for 
every twentieth response,” or “ ... for a re- 
sponse every 30 seconds.” “From now on, 
you'll get no more points, but the experiment 
will continue.” 

6. Records: 

a. Note responses reinforced during ap- 
proximation; record time required, and num- 
ber of reinforcements given. 

b. Record number of responses by 15- 
second intervals. Accumulate. 

¢. Draw cumulative response curves, 


conditioning of chin- 
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d. Be sure your records and graphs clearly 
show all changes in procedure, and the points 
at which S makes statements about the pro- 
cedure. 

e. Compute mean rates of response for each 
part of the experiment. 

f. Record all spontaneous comments of S 
that you can; note any and all aggressive 
behavior in extinction. 


General Notes 


Duration and situation. As short a 
time as 15 minutes, but, more typi- 
cally, a period of 40 to $0 minutes can 
be allotted to condition an S, to col- 
lect data under regular and partial 
reinforcement schedules, to develop 
simple discriminations, and to trace 
through at least the earlier part of 
the extinction curve. The experiment 
should not be undertaken unless S 
has ample time available; otherwise 
Ss tend to remember pressing en- 
gagements elsewhere when placed on 
a reinforcement schedule. We have 


not tried, as yet, to press many Ss 
very much beyond an hour of experi- 


mentation. 

The experiments can be done al- 
most anywhere, in a laboratory room, 
in students’ living quarters, or in 
offices. Background distractions, 
both visual and auditory, should be 
relatively constant. Spectators, 
whether they kibitz or not, disturb 
experimental results. 

The E may sit opposite S, so that 
S can see him (this is necessary 
with some reinforcing stimuli), or £ 
may sit slightly behind S. S should 
not be able to see £’s record of the 
data. In any case, £ must be able 
to observe the behavior he is trying 
to condition. 

Subject and experimenter. Any co- 
operative person can be used as a 
subject. It does not seem to matter 
whether S is sophisticated about the 
facts of conditioning; many Ss suc- 
cessfully conditioned, who gave typi- 
cal data, had themselves only just 
served as Es. However, an occasional 
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slightly sophisticated S may try to 
figure out how he's “‘supposed to 
behave" and try to ‘‘give good data.” 
He will then emit responses in such 
number and variety that it is dif- 
ficult for E to differentiate out the 
response in which he is interested. 

People who have had some experi- 
ence with the operant conditioning 
of rats or pigeons seem to become 
effective experimenters, learning 
these techniques faster than others. 
The E must be skilled in delivering 
reinforcements at the proper time, 
and in spotting the responses he 
wants to condition. With his first 
and second human S, an E tends to 
be a little clumsy or slow in reinforc- 
ing, and his results are indifferent. 
About a third of our students are not 
successful with the first S. Practice 
is necessary. 

Apparatus. The indispensable 
equipment is that used by £ to 
record—a watch with a sweep second 
hand, and paper and pencil. Beyond 
these, the apparatus man can have a 
field day with lights, bells, screens, 
recorders, and so on. This is unneces- 
sary. 


Instructions 


Conditioning may occur when no 
instructions whatever are given, but 
it is less predictable. The instruc- 
tions presented here give consistent 
success. 

Subjects may be told that they 
are participating in a “game,” an 
“experiment,” or in “the validation 
of a test of intelligence.’ All will 
work. Spectacular results may be 
achieved by describing the situation 
as a ‘“‘test of intelligence,"’ but this is 
not true for all Ss. 

In general, the simpler the instruc- 
tions the better. No mention should 
be made that S is expected to do any- 
thing, or to say anything. Experi- 
ence suggests that if more explicit 
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instruction is given, results are cor- 
respondingly poor. Elaborate in- 
structions tangle S up in a lot of ver- 
bally initiated behavior that inter- 
feres with the conditioning process. 

The instructions will be modified, 
of course, to fit the reinforcement. 
It seems to be important for S to 
have before him a record of the points 
he has earned. (This is not, of course, 
E's record of the data.) It seems to 
be better if he scores himself, whether 
by pressing a key that activates a 
counter, or by the method described 
here. Most Ss who do not have such 
a record either do not condition, or 
they quit working. 


Reinforcing Stimuli 


Any event of short duration whose 
incidence in time is under the control 
of E may be used as a reinforcing 
stimulus if S is instructed properly. 
The most convenient is the tap of a 
pencil or ruler on a table or chair 
arm, but £ may say “‘point,”’ “‘good,” 
and so on. Lights, buzzers, counters, 
all work. One student found that 
getting up and walking around the 
room and then sitting down was a 
very effective reinforcer for his in- 
structed S. (‘‘Make me walk around 
the room."’)? 

The £ may assign a “value” to 
the reinforcing stimulus in the in- 
structions—e.g., for each 10 points 
S gets a cigarette, a nickel, or what- 
ever. Members of a class may be 
told that if they earn enough points 
as Ss, they may omit writing a lab 
report. 

Where no instructions are given, 
or where the instructions do not 
provide for an explicit response to a 
reinforcing stimulus (as in the Green- 


2 Compare with the Columbia Jester's rat, 
who remarks to a colleague at the bar of a 
Skinner box, ‘Boy, have I got this guy con- 
ditioned: every time I press the bar, he gives 
me a pellet.” 


spoon experiment—i.e., when E 
wishes to use a smile, or an “‘mm- 
mm,” with the intention of showing 
“learning without awareness’’) many 
Ss will not become conditioned. 

The most important features of 
the operation of reinforcement are 
(a) that the reinforcing stimulus have 
an abrupt onset, (4) that it be de- 
livered as soon as possible after the 
response being conditioned has oc- 
curred, and (c) that it mot be given 
unless the response has occurred. 
Delayed reinforcement slows up ac- 
quisition; it allows another response 
to occur before the reinforcement is 
given, and this response, rather than 
the chosen one, gets conditioned. The 
best interval at which to deliver a 
reinforcing stimulus seems to be the 
shortest one possible—the E's dis- 
junctive reaction time. 

When S has been conditioned, and 
is responding at a high rate, he may 
show ‘‘conditioned recording’’—i.e., 
he will record the “‘point"’ before E 
has given it to him. The E must 
watch for this. 

When S can observe E, it is en- 
tirely possible that S's behavior is 
being reinforced, not by the chosen 
reinforcing stimulus, but by others of 
E's activities, such as_ intention 
movements of tapping the table, 
nods of the head, and recording the 
response. The effect of such extra- 
neous reinforcers can be easily ob- 
served during extinction, when the 
designated reinforcing stimulus is 
withdrawn. The precautions to be 
taken here will depend upon the 
purpose of the experiment. The E 
should thus remain as quiet and ex- 
pressionless as possible. 


The Response 


The E has great latitude in his 
choice of behavior to be conditioned. 
It may be verbal or motor, it may be 
a response of measurable operant 
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level before reinforcement, it may be 
a complex and infrequent response 
that S seldom, if ever, has performed. 
One qualification is that the response 
must be one that terminates rela- 
tively quickly, so that reinforcement 
can be given. (One E conditioned an 
S to bend his head to the left, rein- 
forcing when the head was bent. The 
S held his head bent for longer and 
longer times, and so got fewer and 
fewer reinforcements as the procedure 
became effective. He became “bored” 
and stopped working.) 

Motor behavior. The E may ob- 
serve S for a few minutes before 
proposing to do an experiment on 
him, and choose to condition some 
motor behavior S occasionally shows, 
such as turning his head to the right, 
smiling, or touching his nose with his 
hand. 

The E will then first determine its 
operant level over a period of time 
before he starts to reinforce. Here, 


changes in rate of response as a func- 


tion of the reinforcement variables 
demonstrate conditioning. Such be- 
havior is easily conditioned without 
awareness. 

The & may decide in advance on a 
piece of S’s behavior he wishes to 
condition. In this he may 
choose something like picking up a 
pencil, straightening his necktie, and so 
on. If & chooses something as simple 
as this, he can usually afford to sit 
and wait for it to occur as an operant. 
If it does not, he may find it neces- 
sary to “shape” the behavior, as will 
be necessary if rela- 
tively or highly unlikely piece of 
behavior, such as turning the pages 
of a magazine, slapping the ankle, 
twisting a button, looking at the ceiling, 
placing the back of the hand on the fore- 
head, writing a particular word, or 
assuming a complex posture. 

Many of the readers will question 
this use of the word “response.” It 
is being used in accordance with the 


Case, 


he che OSES a 
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definition made explicit in Skinner's 
The Behavior of Organisms: 

Any recurrently identifiable part of behavior 
that yields orderly functional relationships 


with the manipulation of specitied classes of 
environmental variables is a response. 


So far, this concept has proven a 
useful one: We have not explored the 
“outer limits’ of the concept, with 
respect either to the topography or 
to the consequences of the behavior 
we have not sampled broadly enough 
to find parts of behavior tentatively 
classifiable as responses that didn't 
vield such functions when we tried to 
condition them. 

The contingencies of reinforce- 
ment, established in advance by £, 
determine the specifying charac- 
teristics of a response: he may rein- 
force only one word, or one trivial 
movement. In this case, he gets just 
that word or movement back from S. 
If £ reinforces every spoken sentence 
containing any word of a specifiable 
class (e.g., the name of an author) he 
gets back from S a long discussion of 
literary figures. Plotted cumula- 
tively, instances of naming of authors 
and titles in a whole sentence behave 
as a response class. By restricting re- 
inforcement to naming one author, 
the discussion is narrowed. This 
method may serve fruitfully in re- 
search on what some call ‘‘response- 
classes’’ and others call ‘‘categories of 
behavior.” 


Procedures 


Approximation conditioning (‘‘shap- 
ing’). When the conditioning pro- 
cedure begins, some Ss will sit mo- 
tionless and silent for some minutes 
after the instructions, but sooner or 
later they will emit responses that 
can then be reinforced. Such a period 
of inactivity, although trying to both 
Sand £, does not seem to disturb the 
final results. 

If the response chosen has a high 
operant level, and occurs soon, E will 
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usually complete in 10, but may 
25 minutes. In this 
reinforces responses 


is 
tuke 
procedure, i 


as Many 


«is 


that are successively more and more 
like the response selected for condi- 
tioning® (Fig. la). This procedure re- 


’ The graphs presented were selected to give 
typical, rather than ‘pretty’ results. They 
were chosen from among more thar. 60 such 
records. ‘The problem of selection was that 
of deciding which to omit, rather than which 
to include. 


hat S had been worried about an alcoholic brother. 


lowing arrow, no response is reinforced. 


quires skill, and often bears a close 


(and not accidental) resemblance to 
the child's game of ‘Hot or Cold,” 
and to the adult's “Twenty Ques- 
tions,” as well as to the procedure 
used in conditioning rats and pigeons. 
It is perhaps best explained by ex- 
ample: 

Let us suppose that £ had decided 
to condition a response such as taking 
the top off his fountain pen and putting 
it back on again. The £ first rein- 
forces the first movement he sees S 
make. This usually starts S moving 
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about. 


Then he will reinforce suc- 


cessively movement of the right hand, 
movement toward the fountain pen, 
then touching the pen, lifting tt, taking 
the top off, and finally taking the top 





$00. ——+ 





CUMULATIVE NUMBER OF RESPONSES 


See | 


40 % 60 


TIME IN MINUTES 


Fic. 2. REGULAR REINFORCEMENT AND 
SUBSEQUENT EXTINCTION 

For Curves A,, C;, and C, at t=0, rein- 
forced response given for first time (approxi- 
mation phase omitted). From t=0 to arrow, 
regular reinforcement. Following arrow, no 
reinforcement. 

(A) R: touching left hand to right ankle. 
Sr: “check” said by E; recorded by S. 

(B) R: naming book title or author. Sr: 
pencil tap, recorded by S. Approximation 
conditioning to carat; then regular reinforce- 
ment of R only. 

(C,) R: folding hands. Sp: pencil tap, re- 
corded by S. Verbalization occurs after maxi- 
mal rate is achieved. 

(C.) same curve as C,, with scales of both 
abscissa and ordinate multiplied by constants 
to yield a curve comparable to Curve A. 


off and putting it back on. The effect 
of a single reinforcement in shifting, 
in narrowing down the range of a sub- 
ject’s activity, can be interesting to 
observe. It tempts £ to depart from 
the procedure originally planned and 
to spend this time successively dif- 
ferentiating out more and more un- 
likely pieces of behavior. 

It requires skill to shape behavior 
rapidly, whether one deals with rats, 
pigeons, or men. If & demands too 
much of S—that is, if he withholds 
reinforcement too long, S's responses 


may extinguish. If £ is too liberal— 
if he reinforces responses that are too 
similar to one another—he may con- 
dition these responses so effectively 
that further progress is slow. 
sponses that are conditioned as a re- 
sult of £’s lack of skill in spacing re- 
inforcements, like those that are con- 
ditioned when E£ is sluggish in de- 
livering reinforcement, are termed, in 
lab slang, ‘“‘superstitious’’ responses. 
Even after they have been extin- 
guished, and the correct response has 
been conditioned, they typically re- 
appear during later extinction of the 
conditioned operant. 

Verbal behavior is readily condi- 
tioned, and by the same techniques. 
Almost invariably, in this case, shap- 
ing is necessary unless S has been in- 
structed to ‘‘say words,” or unless the 
verbal response is saying 
such as “two,” “twenty-five,” and so 
on. When E shapes verbal behavior 
he should preselect verbal responses 
that can be unequivocally identified 
in a stream of language, as for exam- 
ple, saying “‘aunt,”’ ‘‘uncle,”’ or the 
name of any member of a family, or 
saying names of books and authors 
(even in a particular field, as E 
chooses). By reinforcing sentences 
containing these words, £ achieves 
control of a topic of conversation 
(Fig. lb and c). The E may also 
bring S to say, and to say repeatedly, 


RKe- 


numbers, 


particular quasi-nonsense sentences, 
such as: “1 said that he said that you 
said that I said so."" The Ss may be 
conditioned to count, to count by 
threes, or backwards by sevens, and 
so on, when shaping is used. 

Regular reinforcement (Fig. 2). 
Once the response occurs, E will first 
reinforce it regularly. One hundred 
regular reinforcements have proven 
ample to build up a resistance to ex- 
tinction sufficiently great to permit £ 
to shift S to most schedules without 
risk of extinction. (As Fig. 2 shows, 
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the number of R's in extinction is 
roughly proportional to the number 
of regular reinforcements in this 
range of values.) This number of re- 
inforcements is also entirely adequate 
to yield a high and stable rate of 
response. “One-trial’” conditioning, 
found in the rat and pigeon with com- 
parable procedures, often shows it- 
self: the rate of response assumes its 
stable value after a single reinforce- 
ment of the chosen response. When 
this occurs, S is not necessarily able 
to state what he is doing that yields 
him points. 

Sometimes, an S, after giving a 
large number of responses under reg- 
ular reinforcement, will show the 
symptoms of ‘satiation’ (habitua- 


tion’); that is, he will give nega- 


tively accelerated curves, declining 
to a rate of zero. Although reinforce- 
ments continue to be given, they be- 


CRRA ATIVE Must OF RESPONDS 


t= 
areas © 
Tue & WHRLTES 


Fic. 3. Fixep Ratio REINFORCEMENT 


(A) R: slapping left knee Sr: pencil tap, 
recorded by S. Two reinforcements worth 1 
cent to S. At t=0, S is shifted from regular 
reinforcement to 15:1 rate of reinforcement. 
Extinction begins at arrow. Note bursts of 
high rates during extinction, followed by 
periods of complete inactivity. 

(B) and (C) (2 subjects). R: raising left 
forearm. Spr: pencil tap, recorded by S. 
From t=0 to t =9, regular reinforcement (ap- 
proximation phase omitted). At arrow, shift 
to 3:1 ratio of reinforcement, vielding increase 
in rate. Approximation phase data: for sub- 
ject B, 9 reinforcements over 2 minutes; for 
subject C, 17 reinforcements over 5 minutes. 


come progressively less effective. If 
S “satiates,’’ E should simply say, 
“Keep earning points.’’ This almost 
always restores the rate to its value 
before decline. 





- 


eat 


CUA OTE MAME OF RESPONSES 


Te & a TES 


Fic. 4. INTERVAL SCHEDULES 


(A) Variable interval (15 second average). 
R: Rub nose with right hand, Spr: “‘zood,”” 
recorded by S. Five “goods” worth 1 cent to 
S. At t=9, interval schedule begins after 
75 sec. of regular reinforcement. At arrow, 
extinction begins. 

(B) Fixed Interval (15 second). R: raise 
right forearm. Sr: pencil tap, recorded by S. 
At t=0, interval reinforcement begins. At 
arrow, extinction begins. Note that extinction 
is like that usually obtained following fixed 
ratio reinforcement. 

(C) Variable interval (15 seconds). R: 
raise right forearm. Sr: pencil tap, recorded 
by S. At t=0, variable interval schedule 
begins. At arrow, extinction begins. 


Schedules of reinforcement. The E 
is now free to follow any one of a 
number of schedules of reinforcement 
(3, 4), the simplest of which are fixed 
ratio (where every nth instance of a 
response is reinforced—Fig. 3) and 
fixed interval (where the first re- 
sponse occurring in each successive 
m-second interval following a rein- 
forced response is reinforced—Fig. 
4). The under 
these schedules corresponds closely 
with that observed in lower animals. 
As with lower animals, £ will find it 
impossible to shift directly to a high 
ratio of reinforcement, or to a long 


behavior observed 
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fixed interval, without evidence of 
extinction. Fixed intervals of 15 
seconds and fixed ratios up to 6:1 
may be established immediately 
without danger of extinction. When 
S is shifted, he will at first show great 
increase in the number of kinds of be- 
haviors he exhibits, even though the 
conditioned R continues to occur at 
the expected rate. Verbal behavior 
increases greatly, too. If S has been 
working at a steady rate under regu- 
lar reinforcement (for simple be- 
havior, usually 15 to 25 responses per 
minute) when shifted to a short fixed 
interval schedule, he may exhibit 
‘counting behavior and state that he 
is earning a point every, say, fifth 
response. If variable-interval or 
variable-ratio schedules are followed 
it is necessary for £ to have prepared 
in advance a program, guiding him in 
determining which one of a series of 
responses he should reinforce (for 
variable ratio), or after how many 
seconds he should reinforce a response 
(for variable interval). 

The results obtained are typical: 
high rates of response occur under 
ratio schedules, and so does rapid ex- 
tinction when reinforcement is with- 
drawn. Low, but stable, rates follow 
the interval schedules, with large, 
smooth extinction curves. Temporal 
discrimination, verbalized or not, 
may occur on fixed interval schedules. 
An exception is found in those cases 
where S behaves, on fixed interval, 
as if he had been on a fixed ratio—he 
may give an extinction curve appro- 
priate in form to fixed ratio reinforce- 
ment. The schedule has not “taken 
over.” 

Discrimination. After following a 
schedule of reinforcement for a time, 
E may proceed to set up a discrimina- 
tion, extinguishing the response in the 
presence of one set of stimuli and con- 
tinuing to reinforce it on schedule in 
the presence of another (Fig. 5). 
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CUMULATIVE NUMBER OF RESPONSES 








TIME IN MINUTES 
Fic. 5. DISCRIMINATION TRAINING 


(A) (B) R: Rub nose with right forefinger. 
Sr: pencil tap, recorded by S. At t=0, dis- 
crimination training begins, with Sp and S4 
alternated through successive 30-second inter- 
vals and regular reinforcement in presence of 
Sp. No reinforcement with Sy. Sp: E's ciga- 
rette rests in ash tray. Sg: E's cigarette in his 
mouth. Curve A: responses under Sp; curve 
B: responses under Sg. 

(C) (D) R: turning single page of magazine. 
Sr: pencil tap, recorded by S. At t =0, regu- 
lar reinforcement begins after approximation 
conditioning. At arrow, discrimination train- 
ing begins, with Sp and Sy alternated through 
successive 60-second intervals, with regular 
reinforcement under Sp; no reinforcement in 
presence of Ss: desk lamp on; Sg: desk lamp 
off. Curve C: responses under Sp; Curve D: 
responses under Sy. 


Here, it is advisable to have had S 
on a variable ratio or variable interval 
schedule, so that S's discrimination 
is not based solely on the omission of 
reinforcement. Discrimination in 
humans, as in rats, develops faster on 
ratio schedules. 

For the rapid development of dis- 
criminations, it is desirable to choose 
as Ss (negative discriminative stimu- 
lus) a fairly conspicuous event, such 
as E putting (and keeping) a cigarette 
in his mouth, or putting his recording 
pencil down, or placing a book on the 
table and leaving it there, or crossing 
his legs. The use of less conspicuous 
S, leads to the slow formation of the 
discrimination. Again, the data ob- 
tained are not readily distinguishable 
from the data obtained on rats (5), 
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except that the time scale is shorter; 
that is, the process is more rapid. 

“Learning set’’ data may be ob- 
tained in an hour or so by repeatedly 
reversing a discrimination: the dis- 
crimination process occurs more and 
more rapidly with successive re- 
versals. 

Chaining. After having had S on 
a schedule of reinforcement, E may 
decide to chain two responses. He 
does this by conditioning the first 
(A) and then extinguishing it, simul- 
taneously conditioning the second 
(B). When the second is conditioned, 
he will then proceed to withhold re- 
inforcement until the first recurs. He 
may now make reinforcement con- 
tingent on the occurrence of the se- 
quence A-B, and soon. The Es have 
succeeded in chaining together sev- 
eral responses by this procedure. 


Learning sets for chaining also occur 
in human beings; during the extine- 
tion of a simple operant, an S who 


had been conditioned to chain a series 
of responses and had then been ex- 
tinguished regressed to these old re- 
sponses and gave them in new se- 
quences with each other, and with 
the response undergoing extinction. 

Extinction. During extinction, 
should be careful to show minimal 
changes in manner and_ behavior 
other than those necessitated by the 
failure to reinforce. By thoughtlessly 
putting down his recording pencil, £ 
may obtain a very small extinction 
curve. Extinction curves obtained do 
not differ in any remarkable way 
from comparable data obtained on 
the lower animals. 

The human shows many interest- 
ing incidental pieces of behavior dur- 
ing extinction, whether or not he is 
aware—i.e., has verbalized—that no 
more reinforcements are forthcoming. 
He will make statements to the effect 
that he is losing interest, that he is 
bored, that he has a pressing engage- 


ment; he may ‘‘get mad,” or make 
mildly insulting remarks, or he may 
suddenly decide that ‘‘this is a stupid 
game,” or a “‘silly experiment.”” He 
may indulge in conversation full of 
remarks deprecating institutions 
(e.g., the college) or himself. One S 
said, ‘‘I’m going to give you one more 
minute to give me a point, and if you 
don't, I'm going to godo math.”” (He 
left, in fact, after three minutes, 
when he had almost met the criterion 
of no responses in three minutes.) 
Many Ss volunteer the information 
that they ‘‘feel frustrated” when they 
can't get any more points. 

The Ss also show behavior that 
some have called ‘‘regression’’; that 
is, they give (“fall back on’) re- 
sponses that were reinforced during 
approximation conditioning. 
sion is most easily demonstrated if FE 
first conditions one response and then 
extinguishes it while conditioning 
another. In this case, during the ex- 
tinction of the second response con- 
ditioned, S will usually shift back and 
forth between the two. 


‘ 


Regres- 


Recording 


The essential records are the num- 
ber of responses that occur in unit 
time, and the specification of the re- 
sponses that were reinforced. If E 
makes a check on a piece of lined 
paper whenever the conditioned re- 
sponse occurs, moves down one line 
at the end of successive 15-second 
recording intervals and puts a bar 
across the check whenever a rein- 
forcing stimulus is delivered, he will 
have a record from which the familiar 
graph of cumulative number of re- 
sponses as a function of time can be 
constructed. 

Recording should be done behind a 
screen such as that provided by a 
clip-board or book held vertically. 
This recording procedure, together 
with the fact that E is busy watching 
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S closely, has the merit that it is dif- 
ficult for & to draw over-hasty con- 
clusions about the ‘‘goodness”’ of the 
data that are being collected, so that 
badly intentioned student Es cannot 
manutacture ‘‘good"’ results. After 
learning to record with one hand, and 
to deliver reinforcements with the 
other, - will have no difficulty re- 
cording until S achieves very high 
rates of response, in which case, E 
may not be able to record or even 
count fast enough, and some re- 
sponses will be missed. For experi- 
mental purposes, then, it is some- 
times wise to choose a response for 
conditioning that requires not less 
than a second to complete. 

The £ may keep additional records 
such as, for example, a description of 
the responses reinforced during shap- 
ing, and of other behaviors that ap- 
pear in extinction. 

Awareness.* 


Let us define ‘‘aware- 


ness’’ as the disposition of S to verbal- 


ize one or more of the rules followed 
by E. The S may be partially or com- 
pletely ‘“‘aware’’; that is, he may be 


* Since these experiments are most interest- 
ing when S is not aware of what behavior is 
being reinforced, we have followed the pro- 
cedure of dividing laboratory sections into 2 
groups, members of which will serve as Ss for 
the members of the other, and vice versa. One 
group ts instructed to work on verbal behavior, 
and to bring it under discriminative control, 
and the other to work on motor bela 
to study extinction as a function of one or 
another schedule of reinforcement. The effect 
of the sets established is sufficient for many Ss, 
despite their otherwise full information on 
human conditioning, to remain unaware of 
what E is reinforcing, and what procedures he 
is following. 

Incidentally, it is futile to tell an S who has 
been familiar 


conditioning that you want to “den 


Ww, and 


conditioned, or who is with 
onstrate 
conditioning,” Most Ss become 
very self-conscious under these circumstances 
and will not work. It is not at all difficult to 
demonstrate the procedure to a group that 


sits quietly and watches, but in this case it is 
necessary to use a naive S. 


using him. 


able to state one or more of these 
rules. He may be aware that a point 
is a reinforcing stimulus (as described 
in a textbook with which he is famil- 
iar); that & is trying to make him do 
something; that he is now doing 
something more often than he was 
before; that a certain response is 
being reinforced and is ‘‘right’’; that 
he will get no points while / is smok- 
ing; that a point comes after every 
tenth response; that points average 
one per minute; that his response is 
being extinguished, and so on. He 
may be aware or unaware of any or of 
all of these. 

Enough observations on such 
awareness have been made, both 
through the subject's emitted verbal 
behavior during the experiment, and 
by asking Ss about the experiment 
after its conclusion to permit some 
general statements: 

1. In motor operant conditioning 
about half the subjects do not become 
aware of what con- 
ditioned, that is, of what they are 
doing that earns them points, until 
many reinforcements have been de- 
livered and long after the stable rate 
of response has been achieved. These 
then, remain for some time blissfully 
ignorant of what they are doing. 
Conditioning and extinction may 
take place without S ever “figuring it 
out.” 

2. Very few subjects become aware 
of the particular schedule they are 
being reinforced on for many min- 
utes. On fixed interval schedules 
some Ss show the beginning of a 
temporal discrimination long before 
verbalizing it, and others may ver- 
balize the interval and only later 
show a corresponding gradual change 
in behavior. 

3. Many particularly 
those whose motor behavior is being 
reinforced, keep up a running verbal 
commentary on the procedure, and 


response is 


subjects, 
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exhibit very elaborate ‘‘reasoning” 
behavior. Their behavior is not dif- 
ferent from that of silent Ss, or of Ss 
who show a less “rational"’ approach 
to the situation. 

4. Subjects will occasionally show 
insight or ‘‘aha!"’ behavior; i.e., sud- 
denly state that now they know what 
gives them points. Others become 
aware gradually: “I think it has 
something to do with my chin.” 
Some are never quite sure: ‘Look, 
what was right?” 

5. Most important, with some ex- 
that will be described, 
awareness seldom seems to alter the 
behavior. Sudden “insights,” when 
they occur, are not necessarily asso- 
ciated with abrupt changes in rate; 
abrupt changes in rate, e.g., 
trial conditioning,’ may occur with- 
out such awareness. Statements such 
as, “Oh, now you're extinguishing 
me,” made by highly sophisticated Ss 
are not correlated with abrupt and 
permanent declines of rate to zero— 
S (‘on the chance that I'm wrong, or 
that you'll change the procedure’’) 
proceeds to generate the remainder of 
a typical extinction curve. 

6. In experiments where S is, by 
instruction, fully aware of the experi- 
mental conti but where he 


ceptions 


“ 
oOne- 


igencies 


does not know the kind of results he 


Is “supp sed’ to give) he will behave 


immediately, on each instruction, as 
other Ss do only after long periods 
of reinforcement. He will immedi- 
ately give, for example, a high rate of 
response when he is placed on fixed 
ratio; he will give only one or two 
responses under Sj, or in extinction, 
and soon. He has ‘learning sets,” or, 
to put it another way, the instruc- 
tions behave like well-established 
discriminative stimuli. He starts 
with the behavior that is asymptotic 
for uninstructed Ss. 

In any event, the associated verbal 
behavior, whether or not it in any 


way ‘“‘directs’’ motor behavior, is 
highly sensitive to the experimental 
During approximation 
conditioning and extinction, it is apt 
to occur at a relatively high rate, and 
to be aggressive in content: “The 
procedure is silly,"’ & is “‘wasting my 
time,’’ and so on. Under regular re- 
inforcement, and on schedules, after 
stable performance is achieved, S has 
rather different sorts of things to say. 
The S's verbal ‘‘approach"” to the 
situation ts invariably interesting, as 
the discrepancies between his 
statements about his performance 
and the performance itself. Since our 
procedures typically terminate with 
extinction, most Ss finally term the 
experiment ‘silly,’ “childish,” and 
“stupid,” despite the fact that they 
“voluntarily” been working 
very hard indeed to earn points. 

Possible research uses of the method. 
This kind of experiment, in which 
verbal beh treated as 
either a dependent or independent 
variable, will perhaps find its greatest 
usefulness in the experimental analy- 
sis of so-called ‘‘cognitive processes” 
—that is, of S's awareness of what he 
is doing, and of the rather different 
dependencies of verbal and of other 
behaviors on a common set of experi- 
mental variables. 

A second investigative area that 
this procedure makes amenable to 
experimental investigation is that of 
the classes of events that reinforce 
human behavior. What isa “‘point?” 
Why do “points” reinforce? How 
can their ‘“‘value,”’ i.e., their effec- 
tiveness in controlling behavior, be 
manipulated by instructions? Is a 
“point” from Experimenter A ‘‘worth 
as much” as one from Experimenter 
B? How will the addition of mone- 
tary reward vary the tendency of S 
to show satiation for “‘points’’? What 
will showing S ‘“‘group norms” for 
points collected do to his perform- 


variables. 


are 


have 


vior can be 
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ance? It offers the possibility of 
measuring rapport. 

A third area is one on which some 
preliminary investigations have been 
done: the gross changes in behavior 
that occur in extinction and in shift- 
ing from one reinforcement schedule 
to one giving fewer reinforcements. 
Many subjects become, under these 
conditions, ‘‘disturbed,’’ ‘‘upset,” 
“emotional,” “aggressive” and ‘‘frus- 
trated.”” Observations of changes in 
the rate of speaking, of moving about 
in a chair, and of such idiosyncratic 
operants as scratching the head, 
tapping the forehead, and so on, sug- 
gest that these rates are a function of 
the ratio of reinforced to unreinforced 
responses (6). 


Discussion 

Operant conditioning as it was 
described in The Behavior of Organ- 
isms is concerned with the behavior 
that the layman calls “voluntary.” 
This characterization is still valid— 


the behavior during conditioning is 
not ‘‘forced,”’ as one might character- 


ize the conditioned knee-jerk, or 
necessarily ‘‘unconscious,"’ as might 
be applied to the conditioned GSR. 
Ss work because they “want to."’ S's 
behavior is nonetheless lawful and 
orderly as a function of the manipula- 
tions of £, and his behavior is pre- 
dictable by extrapolation from that 
of lower animals. 

These assertions, like the procedure 
itself, involve no theoretical assump- 
tions, presuppositions, or conclusions 
about ‘‘what is going on inside S's 
head.”” It does not assert that all 
learning occurs according to this set 
of laws, or that this process of con- 
ditioning is typical of all human 
learning. It does not assert that S is 
no better (or worse) than a rat, or 
that his behavior is unintelligent, or 
that since, say, Ss get “information” 
from a reinforcing stimulus, so too do 
rats. The behavior is highly similar 


in the two cases—we leave it to others 
to make assertions to the effect that 
rats think like men, or that men think 
like rats. 

The procedures can be character- 
ized as bearing close relationship to a 
number of parlor. games. Indeed, 
such conditioning might be consid- 
ered by some as nothing more than a 
parlor game. This would not be the 
first time, however, that examples of 
rather basic psychological laws 
turned up in this context. Parlor 
games, like other recreational ac- 
tivities are, to be sure, determined 
culturally, but it is doubtful that a 
parlor game could be found whose 
rules were in conflict with the general 
laws of behavior. 

That the procedure is more than a 
parlor game is demonstrated by the 
fact that it provides a situation in 
which a number of the variables con- 
trolling voluntary behavior can be 
experimentally isolated and manipu- 
lated; that stable measures of a wide 
variety of behavior are yielded and, 
finally, that the procedure vields 
orderly data that may be treated in 
any one of a variety of theoretical 
systems. 

Theoretical Discussion 

The data lend themselves very well 
indeed to theoretical discussion in 
terms of ‘perceptual reorganization,” 
“habit strength,” “‘expectancy,”” or 
‘knowledge of results,’’ as well as to 
simple empirical description in the 
vocabulary of conditioning. Chacun 
d son gout. 


Summary 


A series of procedures are presented 
that enable an experimenter to re- 
produce, using the motor (and ver- 
bal) behavior of human subjects, 
functions that have been previously 
described in the behavior of rats and 
pigeons. Some remarks on ‘‘aware- 
ness’’ in the situation are made. 
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SOME VERBAL MATERIALS FOR THE 
STUDY OF CONCEPT FORMATION 
BENTON J. UNDERWOOD axp JACK RICHARDSON 
Northwestern Universsty' 


This report presents materials de- 
veloped for use in studies of verbal 
concept formation. It is not our in- 
tent to review materials used by 
others to study concept formation, 
as this has been done by Vinacke (3). 
However, it may be noted that tasks 
or materials which have been used 
are quite diverse in nature. With few 
exceptions (e.g., Weigl-type card sort- 
ing) no systematic series of experi- 
ments has been built around a single 
task. While this lack of task stand- 
ardization attests to the ingenuity 
of individual workers in constructing 
new materials, the situation may not 
be entirely satisfactory for eft cient 
development of laws and_ theories. 
In the more highly developed areas 
in psychology only a few basic tasks, 
procedures, or materials have been 
used. Thus, classical conditioning, 
the Skinner box, nonsense syllables, 
the pursuit rotor, and the psycho- 
physical methods (to mention a few) 
all have had widespread use. While 
some may justifiably raise questions 


concerning generality of findings 
umber of 
procedures and tasks, it cannot be 


doubted that 


based on such a limited n 


interlaboratory com- 


munication and continuity is greatly 
facilitated by the use of 
basic tasks and procedures. 


common 


The formation studies 
based on verbal stimuli are few in 
number (3). And, so far as we know, 
there have been no studies using ver- 


concept 


1 This work was done 
N7onr-45008, Project NR 
Northwestern University 
Naval Research. 


84 


under Contract 
154-057, between 
and the Office of 


bal stimuli to which the already ex- 
istent responses were known. We 
feel that an evaluation of the re- 
sponse tendencies of the Ss is ex- 
tremely important. We have else- 
where (2) pointed out in some detail 
that concept formation basically con- 
sists of the perception of relation- 
Furthermore, 
we have suggested that relationships 
can be perceived only when one or 
more common responses are evoked 
by the different stimuli. If this is the 
case, and if verbal stimuli have cer- 
tain response tendencies already es- 
tablished, then we need to know what 


ships among stimul. 


Therefore, our 
developing ma- 
terials for verbal concept formation 
was to determine what are the re- 
sponses to the stimuli which are pre- 
sented to S in a concept-formation 
situation. Thus, if we present the 
word tomato to S, we want to know 
what this stimulus makes S “think 
about.”” If we know such response 


these tendencies are. 


basic objective in 


tendencies for a large number of Ss 
for a large number of words, we can 


devise studies which will give us di- 
rect 


concepts 


different 
learned at different 
And of course, the materials 
can be used in studying the influence 
of environmental and subject vari- 
ables. 


information on why 
are 


rates. 


Our final set of materials satisfies 
the objective in a more restrictive 
way than we had originally hoped. 
Nevertheless, we have found these 
materials quite useful in several stud- 
ics (recently completed or under- 
way). It is possible that other inves- 
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tigators will also find them worth- 
while for certain kinds of researches. 

The method we used in developing 
these materials evolved only after 
trying several procedures which 
proved unsatisfactory for one reason 
or another. We shall first report 
briefly on these unsatisfactory pro- 
cedures in order that it may be under- 
stood why we made the compromises 
we did. For want of a better term we 
call these procedures scaling pro- 
cedures. 

PRELIMINARY WORK 

In both preliminary and final scal- 
ing we have worked only with con- 
crete nouns. The Ss were always in- 
structed to consider the words as 
nouns and never verbs, e.g., the word 
fiy was to be thought of as the insect, 
not the act of flving. In our first 
attempt we tried to get (a) com- 
pletely free associations to the nouns, 
and (4) 
to each noun. 


successive free associations 
We wanted the succes- 
sive associations in order to deter- 
mine the hierarchy of responses to 
each stimulus. This attempt proved 
unsatisfactory. We found very few 
stimuli which elicited the same re- 
sponse (a necessity, as indicated 
above) and successive responses to 
the same word seemed to be depend- 
ent on the previous responses as well 
as on the stimulus itself, 

Our next step was to ask for a sin- 
gle word or phrase under essentially 
free-association instructions. We did 
make the instructions slightly re- 
Strictive in not allowing synonym- 
like words (for reasons which we will 
not discuss). We gave 120 nouns to 
85 Ss under these conditions follow- 
ing which we set out to categorize the 
responses. The results were dis- 
couraging. Not only did we get few 
instances of identical responses to dif- 
ferent stimuli, but in many cases 


little identity of response to the same 
stimulus by different Ss. For 85 Ss 
we got as many as 50 different re- 
There 
was also unreliability 
in categorizing the responses. 

The third procedure involved a 
further restriction on the type of 
association we allowed Ss. Instruc- 
tions tald S that he was to give the 
first descriptive word or phrase which 
occurred to him upon seeing the 
stimulus word. The description could 
be in terms of physical properties or 
in terms of usage of the object sym- 
bolized. The instructions climinated 
synonyms, 


quential 


sponses to the same stimulus. 


considerable 


associat ions, se- 


and several 


clang 


associations, 


other types of responses which occur 


in free association. We gave 1,000 
nouns to 84 Ss and went 
through the categorizing procedure. 
While these instructions did yield the 
restriction in responses desired, we 
obtained identical re- 
to different our 
projected purpose and the categoriz- 
ing remained somewhat unreliable. 

However, the results of this third 
preliminary study gave us informa- 
tion which allowed us to plan what 
proved to be the final procedure. We 
noted that in the data for the third 


study the responses which overlapped 


again 


still too few 


sponses stimuli for 


(identical responses to different stim- 
uli) were what we shall call ‘sense 
impressions." 
we mean such characteristics of ob- 
jects as color, size, shape, texture, and 
soon. The response ‘yellow,’ for ex- 
ample, occurred to several different 
stimuli. Furthermore, such responses 
could be categorized with near-perfect 
reliability. ‘Therefore, our final scal- 
ing technique was to use nouns to 
which we felt at one 
impression response would be fairly 
common. With these nouns we fur- 


ther limited our instructions so that 


By sense impressions 


least sense- 





only descriptions in terms of sense 
impressions were allowed. We turn, 
then, to the details of the final pro- 
cedure. 


SCALING PROCEDURE 


Materials and subjects. A total of 
328 nouns was selected for the final 
run. Mimeographed data sheets were 
prepared with 328 spaces on them. 
Seven different groups of Ss were 
run, the groups varying in number 
from 13 to 30, for a total of 153. 
These Ss were all taking elementary 
psychology at Northwestern Uni- 
versity. They constitute a sample 
from a population on which we ex- 
pected to do the actual concept-for- 
mation experiments after the ma- 
terials were prepared. 

We felt it possible that 
develop more restrictive 
sets than our instructions intended. 
That is, S might develop a set for 
responding with a certain class of 


Ss might 
response 


responses, such as color responses, 


to a series of stimuli. This might 
continue until a color response was 
entirely inappropriate for a stimulus. 
He might then have a run on, say, 
shape of objects. We could not, of 
course, eliminate these runs if we 
were to present more than one stimu- 
lus to each S. Furthermore, for all 
we could tell, what appeared to be 
runs might actually represent the 
dominant responses irrespective of a 
run-set. In view of these considera- 
tions we presented the words in a dil- 
ferent order to each of the seven 
groups, each order being determined 
on a random basis. If run-sets were 
operating they should not heavily 
influence the response frequency in a 
given category for any one word. Ac- 
tually, as the data turned out, the 
response frequency for a given cate- 
gory for a given word was highly 
comparable among the seven groups, 
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so that we do not now feel that the 
run-sets were very strong. 

Procedure and instructions. After 
instructions and preliminary practice 
(to which we will return in a moment) 
the 328 words were presented to Ss. 
The words were flashed om a screen 
and pronounced, one at a time, ata 
rate of 6 sec. per word. During the 
6 sec., S perceived the word and 
wrote down the first association 
which occurred to him. Only a single 
word was allowed as a response. The 
Ss were warned not to rely on the 
auditory stimulus alone, but to look 
back at the screen before writing 
down a response. The rapid rate of 
presentation was intended to prevent 
S from doing any selecting of his re- 
sponses. Kests were given after every 
50 stimulus words. With instruc- 
tions, practice, and main presenta- 
tion, total experimental time aver- 
aged about 80 min. 

The instructions, of course, are 
critical in our attempts to obtain the 
kind of responses we desired—sen- 
sory-impression responses. Yet, the 
verbatim instructions are of little 
significance since the establishment 
of the set came about largely through 
the discussion of responses to the 
practice words. The Ss were told 
that we were developing materials 
for use in concept formation or think- 
ing studies. They were told that we 
were not interested in their ‘‘per- 
sonalities,”” etc., and they could re- 
main anonymous if they chose. Free 
association was then explained to 
them, although most were acquainted 
with the idea. They were next told 
that while we wished associations, 
only one particular class of responses 
would be allowed. These were then 
described as sense impressions, being 
the responses one might use to de- 
scribe an object upon perceiving it for 
the first time. Then, a number of 
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illustrations of responses not allowed 
were given, e.g., synonyms, chain 
associations, opposites. Preliminary 
work with a small group showed that 
the instructions as outlined were in- 
suthcient; major success in estab- 
lishing the set came only when we dis- 
cussed responses made to practice 
stimuli. 

Twenty practice nouns were used. 
The Ss were shown the first practice 
word and were asked to write down 
as quickly as possible the first asso- 
ciation which seemed to be a sense 
impression. Then we asked Ss to 
announce the they had 
written. Responses which did not 
meet the requirements were dis- 
cussed and Ss were shown why these 
responses did not conform to the in- 
structions. ‘Thus, if 
sponded to acorn with “oak” they 
were shown that ‘“‘oak’’ was not a 
sense description of acorn. Responses 
such as “hard,” or “small,” or 
“brown’’ were noted as being sense 
impressions. However, we made a 
real effort to avoid ‘“‘setting’’ Ss 
for any particular class of sense im- 
pressions, for we were concerned 
about the run-sets mentioned earlier. 

Following the presentation of the 
first word, and the discussion of the 
responses to it, the second stimulus 
was presented and the responses dis- 
This continued until all Ss 
appeared to “get the idea’’ and were 
responding as desired. This required 
approximately 10 varying 
somewhat from group to group. The 
remaining 10 practice words were 
presented without comment and at 
gradually increasing speed so that by 
the 20th word Ss were responding 
at the rate required for the presenta- 
tion of the major list. This speed, to 
repeat, was 6 sec. per word. 

To many words one or more Ss 
failed to give a response, a result 


responses 


someone fre- 


cussed. 


words, 


which we expected because of the 
rapid speed of presentation. There- 
fore, we do not have 153 responses to 
all stimuli. The actual numbers 
range from 147-153. 

Categorizing. The categorizing of 
the responses was a fairly routine 
matter; in only a few cases was there 
doubt. Responses were combined if 
they apparently expressed the same 
idea. Thus, the responses “big’’ and 
“‘large’’ were assumed to mean the 
same thing. While we have not com- 
puted any index of reliability for the 
categorizing, it is noted that agree- 
ment of response frequencies for the 
various subgroups was high. 

A total of 115 words in the original 
328 elicited responses which we felt 
warranted their exclusion from the 
final list of stimuli. There was a num- 
ber of reasons for exclusion, some of 
which we will mention: 

1. Ambiguity of stimulus. For ex- 
ample, the word dollar was taken by 
some Ss to mean a silver dollar, and 
by others to mean the bill. 

2. Some stimulus words elicited 
such a wide variety of sense impres- 
sions that the frequencies in all cate- 
gories were too small for subsequent 
use. 

3. To some words sensory-impres- 
sion responses Were not given with 
sutiicient frequency. For example, 
Ss did not respond to the stimulus 
tide with anv high proportion of 
sense impressions. 

4. To some stimuli two or more 
dominant responses occurred which 
were somewhat contradictory. For 
example, to the stimulus zod:ne, both 
“red” and “brown” occurred fre- 
quently. 

5. We eliminated most words 
which themselves are used to denote 
sense impressions, e.g., gold. 

We have not rigidly applied the 
criteria indicated above; that is, we 
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do not have a “purified” set of re- 
Those that we did retain 
which we recognized as not being un- 
ambiguous cases we felt would still 


sponses. 


be usetul for some purposes. 

Our final list contains 213 stimulus 
words. Our list will show the per cent 
of total responses to each word which 
fell into specified categories. In addi- 
tion, for each word there is a miscel- 
If a particular re- 
sponse was given by less than 5 per 


laneous category. 


cent of Ss, it was put in the miscel- 
Furthermore, we 
obtained some responses which were 


laneous categé ry. 


not sense-impressions (by our inter- 
pretation) and these were also put 
into the miscellaneous grouping. 

In order to simplify the presenta- 
tion it is necessary to code the re- 
sponse categories. There are 40 such 


categories. Responses not included 
in the 40 categories, but having a 
frequency 5 per cent or greater will 
be written out. Such instances are 
infrequent. 

It may be noted (Table 1) that 
category 5 is indicated as ‘‘Smelly.”’ 
We did not attempt to distinguish be- 
tween good and bad or pleasant and 
unpleasant smells. Some people find 
gasoline smells pleasant, un- 
pleasant. But, the smell of 

] 


ject, whether pleasant or unpleasant, 


others 
an ob- 
is a descriptive term that 1s com- 
monly used. We have found it usetul 
in making lists of concepts to retain 
the idea of “smelly” although we 
realize that it is somewhat different 
than other words which may occur 
as descriptive terms for opposites, 
such as big and small, black and 
white, sour and sweet, etc. Finally, 
let it be clear that we do not claim 
that all re sponse are 
‘“‘pure’’ sense impressions. It will be 
apparent in inspecting categories 
that there is some variation in this 
matter. 


categor ies 


TABLE 1 
CATEGORIES AND CATEGORY NUMBERS TO 
Be Usep tn CONJUNCTION WITH 
TABLE 2 


Category 
Number 


Category 


; Category 
Number ’ 


Category 





Sour-bitter 
Hairv-furry 
Wet-moist 
Woody 
Strong, sharp 
tangy 
Heavy 


Round 
Small 
White 
Hard 
Smelly 
Soft 

S} iny 


NM hw ht hw 
Dime wet 


tw 
=n 


CNDWN Hw 


Big < Creasy 
Long Dirty 
Yellow Deep 
Brown 

Metallic 

Green 

Sweet 

Red 

Sharp 

Pointed 

Slimy 

Black 

Smooth 

Dark 


RESPONSE FREQUENCY BY CATEGORY 

In connection with Table 2, 
tain explanatory notes are essential. 
To the left is listed stimulus 
word presented to the Ss. The re- 
sponse data are given under the col- 
umn headed Per 
Cent Frequencies.”"”, A number not tn 
parentheses indicates the category, 
while the number in parentheses im- 
mediately following indicates the per 
cent of responses falling in the cate- 
gory. Different categories are set off 
by semicolons. Thus, if an entry 
reads 2(45); 6(22), it means that 45 
per cent of the responses fell in Cate- 
gory 2 (small), while 22 per cent fell 
in Category 6 (soft). If a word ap- 
pears instead of a category number it 
means that it is a special case not 
included in one of the 40 categories. 

Next, there is a column headed 
““&% Miscellaneous Responses.’ This 


cer- 


each 


“Categories and 








Stimulus 
Word 


VERBAL MATERIAL 


Categories and Per Cent Frequencies 


AND CONCEPT FORMATION 


TABLE 2 
(See text for explanation) 


% Mise. 


Responses 





Alley 
Aluminum 
Ammonia 
Anchor 
Ape 
Apple 
Armor 
Asparagus 
Asphalt 
Atom 
Audit 
Badge 
Ball on 
Banana 
Bandage 
Barrel 
Baseball 
Baton 
Beak 
Bean 
Bed 
Beet 
Belly 
Blood 
Blush 
Bone 
Boulder 
Bracelet 
Bread 
Brick 
Buc kle 
Jungalow 
Butter 
sutton 
Cabbage 
Cabin 
Camel 
Canary 
( 
( 


rium 


“apsule 

“arrot 

-auliflower 
Cave 
Chalk 
Chamois 
Cheese 
Cherry 
Chestnut 
Chocolate 
Cigar 
Cigarette 
Cinnamon 
City 


nm 
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): 
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11(3 
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3(64) 


21(66); 


3(80) 


6(68); 
10(43): 
18(77); 
11(47): 


11(61) 
$(40) 


3(33); 


11(40) 


8(72); 


10(8); 





9(16); 38(14); 29(10) 10 
12(14); 34(12) 14 

12 
12(15); 4(7); 85 17 
8 19 
1 9 
7(25); » 27( 10 
13 


~) 


1(21); 
); Rubbery(8) 
6(11); Slippery (5 


2(5) 


8/6) 
4(10); 
12(7); TI 
9(12); 
1(12): 


3(8); 20(5) 


, 27(10); 1/10) 
; 10(19); 12(13) 


—“m woinw= 


mu hi | 


tw 
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(6); Orange(69) 
: 13(5); bumpy(5) 
30(6); Damp(14); Hollow(5) 


20 (9); 11(8) 

§(25); 26(6); Holey(6) 
1(14) 
4(18); 
- 14(29) 
: 11(26): 9(14): 
9(15); 5(14); 
: 14(21); 26(15); 
32(5) 


1(14); 2(9) 
1(7) 
1(6); Smoky(15) 
5(6) 
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TABLE 2 (continued) 


Stimulus 
Word 


% Mise. Thorndike- 
Responses Lorge 


Categories and Per Cent Frequencies 





Closet 21(64); 2(24) 20 
Clove 26(32); 5(18); 13(8); 14(8); 11(7) s 
Coal 19(85); 4(7) AA 
Coffee 19(32); 11(24); 5(12); 22(11); Hot(12) 
Collar 3(44);  1(16); Stitf(19) 

Cork 34(27): 11(25): 6(21); 1(7) 

Corn 10(81) 

Cradle 25(29); 2(24): 6(11); 11(5) 
Cranberry 15(69); 22(10); 14(7); 1(6); 2(5) 
Crown 10(35); 7(20); 1(13); 12(7) 

Crumb 2(79) 

Crystal 36(52); 7(24); 4(9); 35) 
Cucumber 13(52); 9(14); Prickly(5) 

Custard 10(39); 6(26); 14(11); 20(7) 

Daffodil 10(68); 5(12) 

Dagger 16(70); 17(10); 12(6) 

Dandelion 10(85) 

Derby 1(33); 19(29); 11(14) 

Diamond 7(65); 4(15); 36(9) 

Diaper 3(50); 24(17); 35(8); = 5(7); Triangle(5) 
Dime 1(30); 12(23); 2(15); 7(13); Thin(9) 
Dome 1(70); = 8(5);-17(5); High(9) 
Doughnut 1(71); 14(7) 

Dungeon 21(67); Damp(22) 

Earthworm 18(44); 9(17); 2(11); Crawly(5) 

Fel 18(68); 9(15) 

Elephant 8(83); Gray(11) 

Enamel 3(28); 7(24); 4(20); 20(14) 

Ether 5(70) 

Eye 1(32); 2(10); 11(8); 7(6); Blue(26) 
Fang 16(75); 3(10); 17(5); 9(5) 

Fishhook 16(70): 17(9); 12(5); 1(5); 2(5) 
Flannel 6(54); 1§(12); 33(5); Itchy(8) 

Flea 2(86) 

Forest 13(52); 21(14); 8(12); Dense(10) 
Formaldehyde 5(81) 

Freckle 11(54); 2(19); 15(11) 

Frost 31(54): 3(34) 

Fur 6(75); 23(6); 33(5) 

Garbage 5(80): 29(7) 

Gardenia 5(65);  3(28) 

Garlic 5(58): 26(25) 

Gasoline 5(54); 24(7) 

Germ 2(84) 

Ginger 26(40); 11(15); 14411); 5(11) 

Globe 1(95) 

Gnat 2(76) 

Goat 3(29); 5(20); 23(18); 29(5) 

Gorilla 8(42); 23(41) 

Grape 1(18); 6(7); 14(5); 13(5); Purple(43) 
Grapefruit 22(52); 10(23); 1(12) 

Grass 13(88) 

Grasshopper 13(55); 2(18) 

Gym 8(54); 5(21) 
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— Categories and Per Cent Frequencies 7% Misc. Thorndike- 





Responses Lorge 
Hailstone 4(49); 1(14); 3(9); 31(8); 2(7) 
Hallway 9(54); 38(20); 21(16) 

Harpoon 16(66); 9(16); 17(6) 

Hatchet 16(77); = 4(5); 12(5) 

Head 1(66); 4(9); 2(5) 

Helmet 4(31); 12(22); 1(17): 7(8): 27(6) 
Hog 8(20); 29119); 5(15); Fat(26) 
Honey 14(49); 37(29); 10(9) 

Hospital 3(32); 5(23); 8(14); Clean(11); Quiet(5) 
Icicle 31(45); 9(15); 16(14);  17(7); 36(S) 
Ivory 3(65); 4(14); 20(12) 

Ivv 13(83) 

Jellytish 18(49); 6(31); 205) 

Jewel 7(67); 4(7) 

Kitten 6(41);  2(25); 23(13) 

Knife 16(84); 7(6) 

Knob 1(68); 4(9); 2(5) 

Knuckle 4(62); 1(11); Bony(8) 

Lard 28(41); 3(27); 6(8); Thick(5) 
Lawn 13(77); 20(8) 

Lemon 22(65); 10(32) 

Limousine 19(27); 9(26): 8(21); 7(14); Sleek(5) 
Linen 3(59); 6(14); 20(9) 

Lint 3(38); 2(32);  6(7); Flakey(8) 
Lips 15(59); 6(24) 

Lizard 18(51); 13(23); 2(6); Scaly(8) 
Mansion 8(83) 

Manure §(83); 11(7) 

Measles 15(53);  2(5); Pimply(33) 

Milk 3(83) 

Minnow 2(62); 18(16); 7(7) 

Moccasin 6(53); 11(13); Leathery(11) 

Moon 1(30); 10(20);  3(17); 7(13); 805) 
Moss 13(52); 6(22); 24(6) 

Mouse 2(54); 23(7); Gray(27) 

Mustard 10(75); 26(14) 

Napkin 3(62); 6(12); 35(7) 

Needle 16(53); 17(15); 2(9); 12(5); Thin(9) 
Night 21(90) 

Ocean 8(33): 24(20); 30(12); Blue(24) 
Olive 13(62); 1(17); 19(7) 

Onion 5(49); 3(15); 26(14); 19) 
Ovster 18(46); 3(13);  1(9); 2(6); 6(6) 
Pail 12(23); 1(18); 30(11): 7(10); 3(8) 
Paste 37(64); 3(16); 18(7) 

Peach 33(31); 10(20); 1(18); 14(17);  6(5) 
Pear 10(44); 14(14); 109); 13(7); 605) 
Pearl 3(37); 1(33): 7(12):  2(5): 4(5) 
Pickle 22(44): 13(34); 14(7) 

Pill 2(46); 1(28); 22(7) 

Pillow 6(87); 3(5) 

Pin 16(55); 2(22); 17(10); 12(5) 

Pine §(44); 13(25); Tall(8) 

Pineapple 10(36); 14(22); 39(16);  1(7) 





a ada a; (i : 
ana Prue wR wn BRP RP eK KM we we 


tow 


> & 
sPrmnanNraso 


~ — 


» 


why 


shiv ew Pw | oo 


a) 
-~ > 


Pa ok 
we. 
a 


i) 
n 


we 


—_— — 
-_— a. 


~ 
— 


t 


— dh 
~~ 


Ww . 
wawn 


= 
wm. 











B. J. UNDERWOOD AND J. RICHARDSON 
TABLE 2 (continued) 


% Mise. 


Responses 





Thorndike- 
Lorge 


Stimulus 
Word 


Categories and Per Cent Frequencies 


Platter 
Pollen 
Pony 
Pot 
Puddle 
Pup 
Rabbit 
Rattlesnake 
thinestone 
Rice 
Rod 
Salt 
Sar: 
Saucer 
Sauerkraut 
Scissors 
Seaweed 
Sewer 
Sheep 
Silk 
Ski 
Skin 
Skull 
Skunk 
Snail 
Snow 
Spear 
Spinach 
Spool 
Stadium 
Stone 
Straw 
Sugar 


ine 


Sulphur 

1 af k 

Tar 

Teeth 
Telephone 
Thimble 

T obacco 
‘Tomato 
Tongue 
Tunnel 
Turpentine 
Tweezer 
Velvet 
Village 
Vinegar 
Waist 
Walrus 
Whale 
Wheel 
Zoo 


1(38); 40(29); 8(10) 


10(32); 
2(48); 
1(29); 

24(61); 
2(50): 


233 


- 18(28 


2(30); 
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; 18(28); 


33(49); 
20(41); 
9(38),; 
6(42); 
4(36); 
§(78); 
2(42 
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8(78); 
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is the percentace of responses which 


were not sense impressions or tf they 


were, did not constitute a cz 


§ per cent or more trequencyv 


last 
gives 


column, ‘“Thorndike-Lorge 
the frequency count of each 
stimulus word as listed by these au- 
thors (1). The numbers indicate the 
frequency of occurrence per million 
Thus, an entry of 17 indicates 
that this word occurs 17 times per 
I] \n entry of A indicates that 


he stimulus word occurs between 50 


words 


miuision, 
and 100 times per mill 

AA indi 
more t! til 


words. 


tac th~¢ 
tics bhel 


100 


times 


CoMME? ON Use OF MATERIALS 
Constr entation of 
ists of concepts. an be seen by 
imber ot 


rv 


, 
dougnnul, 


and so on. 


cherry, dome, 
The fre- 
occurrence of a particular 
the 
inga list of words 


Varies with 


the essential 
stimuli which 
ne response cate- 
four 


the 


of one 

sponses in the “red” category for an- 
other, and so on, until the list is as 
long as desired. In our initial studies 
we have used 24 stimulus words from 
which are to be formed six concepts. 
The number of words used as a basis 
for a given concept ts, of 
quite arbitrary; we have used four 
but certainly this could vary. The 
stimulus words are randomized and 
the order varied from trial to trial. 


The S may indicate his grouping of 


course, 


the stimuli ina number of wavs. The 
simplest tech s to he to } 


hin 


the four words } 


to name the 
S responds with ‘white,’ 
or ‘large.’ depending upon the con- 
cept involved. The experimenter in- 
forms S after each response whether 
he was “right” or ‘‘wrong.”’ Our lists 
have beer prese! ted at a 4-sec. per 
rate; this gives time for S to 
told “right” or 


exper 


word 
respond, to be 
“wrong. and for the imenter 
to write dov ‘Spo! given, 
Validation’ ling. We 
| which, ina 


ng We 


nave 


nse come 
yacon- 

ig. We 

i Tes 
‘quency the 
level. Fora 


we can use stimuli 
ance levels. 
used 


dominance for each of 


roviding several domu 
three 
the 
round, small, 


h ive 


I 
For example, we 


levels of 


i 


following concepts: 
white, smelly, soft, and big. 


‘i For white 
the stimulus words for three levels of 
dominance are as follows (the num- 
bers refer to per cent frequency with 


which ‘white’ was given as a re- 


spt mse 


ow 

minance 
Baseball 11 
Fang 10 
Paste 


Using three levels the results were 


the higher the domi- 


nance the more rapid the acquisition. 


as anti ipated; 

U'se im studying interference effects. 
We believe that using these materials 
a number of studies can be done on 
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intralist interference effects in con- 
cept learning. Variations in amount 
of interference can be produced by 
varying the number and strength of 
competing response tendencies. If 
different stimulus words elicit the 
same response or responses, and if 
these stimulus words are not ex- 
amples of the same concept, inter- 
ference will result. Since we know 
the number and strength of responses 
to each word, systematic variation in 
response competition can be accomp- 
lished. If Ss are “set” by instruc- 
tions for forming concepts based on 
sense impressions, the per cent fre- 
quency values should be accurate, 
hence relative interference strengths 
should be reasonably accurate. We 
also envisage studies on interlist inter- 
ference, working on transfer, retro- 
active and proactive inhibition. Also, 
hypotheses which relate interference 
effects to certain other variables 
(such as anxiety) may find some use 
for these materials. 

Some cautions. We do not as vet 
know all the pitfalls involved in using 
these materials for various purposes. 
But, we think it worthwhile to list 
two which seem to be important. 

1. It should be clear that the per 
cent frequency values do mot neces- 
sarily represent the relative strengths 
of responses for a given S. We ob- 
tained only a single response from S 
for each word. We know, say, that to 
a given stimulus 50 per cent of Ss 
responded with “white and 20 per 
cent with “round.” This does not 
necessarily mean that the 50 per cent 
who responded ‘white’ would, if 
forced to give a second response, re- 
spond with “round” 20 per cent of 
the time. Our values give the per 
cent of Ss responding with a given 


descriptive word, and that is all they 
give. 

2. In constructing concept learn- 
ing lists there are many factors which 
may need equalizing in some way. 
For example, suppose we want to 
determine whether color concepts are 
learned more rapidly than some other 
kind. In constructing the lists we 
should keep dominance level equal, 
number and strength of inappropriate 
response tendencies equal, interfer- 
ences within each list, perhaps per- 
centage of miscellaneous responses, 
and so on. Indeed, we have found 
that to form certain kinds of lists we 
do not have enough words among 
the 213 to accomplish what is needed 
by way of equalizing factors which 
might confound the results. We may 
soon find it necessary ‘to scale more ‘ 
words. 


SUMMARY 


We have presented the results of 
an attempt to develop materials for 
use in the study of verbal concept for- 
mation. Our basic objective was to 
determine the frequency of response 
tendencies to certain verbal stimuli. 
If two or more words sometimes elicit 
the same responses, these words can 


be used as the basis for concept-for- 
mation tasks. 


The words used were nouns. To 
each noun we obtained restricted 
associations. The restriction con- 
sisted of allowing S to respond only 
with sense impressions, such as size, 
shape, color, and so on. We have 
given the percentage of frequency of 
such responses to 213 nouns by 153 
Ss, and have discussed some ways in 
which these materials may be used in 
concept-formation studies. 
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A DISTRIBUTION-FREE 





TEST OF ANALYSIS OF 


VARIANCE HYPOTHESES! 
KELLOGG V. WILSON 


Control Sy 


Rao (3, pp. 192-205) has shown 
that a chi-square statistic for a con- 
tingency table can 
into components in much the same 
manner as a total sum-of-squares is 


be det omposed 


decomposed in analysis of variance 
computations. By making a relative- 
ly simple modification of Rao's tech- 
nique, it is possible to use this type 
ig a distribution- 
of the 


effects 


of analysis in maki 
free (i.e., nonparametric) test 
main 
and interaction ordinarily tested by 


hypotheses concerning 


a two-way (or two-factor) analysis 


of variance. 
Description of Test 


1. The median value, Md, for the 
entire set of observations is deter- 
mined. This media: 
interpolated but should be deter- 
mined only as a “boundary” which 


‘ ; 
des the entire set of ol 


ild not be 


1 
1 sho 


servations, 
' 


“arly as possible, into tr roups 


of equal size. In the remat 


paper, m, will represent the 1 


observations than 
to Md and n, 
ber of 
2. 
} 


set up where r ts the nu 


sin the experin 


condition 
and ¢ is the number of colun 
tions. The third ‘dimensio: 
table corresponds to the division of 
the scores by Md Thus, the fre- 
quency, »f.;, will represent the num- 


than Md for 


id column 


ber of observation less 
the cell in 
af., represents the number 


j and 


ol observ a- 


row 1 al 


! This test was devised and first applied in 
ral dis-ertation (4) 


? Now at Duke University. 


96 


the writer's doct« 


tems Laboratory, University of Illinois* 


tionsin this cell which ar »creater than 
or equal to Md. Obviously, 


ta= >, > ofi and m= >, Dd ofy. 


haat hat *5 
3. The total chi-square value, xr’, 


: j 
can be computed from equation [la] 


below if the numbers of observations 
for each cell of the r Xc experimental 


design, mj=afi;tofi;, are all equal 


and if m, 
[1a] . x1? 


If 2, , but all ;; are eq 


tion [1b] 


w= DE 


‘ 7 


below can be u 


Formula [tc] most 


use 


} 
i 


general expression 


without restrict 


In all three formulas above, the ex- 
pected frequencies (i.e., the 
the right of the numerators) are ob- 
tained from the null hypothesis that 
the main effects an 

fects produce no change in 


terms on 


| interaction ef- 
the dis- 
According to this 
hypothesis we should expect that the 
proportion, m/m, of the m,,; scores for 
each cell should be below Md and the 


tribution of scores 
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proportion, ,/n, should be above it. 
In all cases, x7? has (rc—1) degrees 
of freedom. 

4. The chi-square values of the 
row effects, yr?, and the column ef- 
xe, 
marginal totals otf the 2XrXc con- 
tingency table. If 
all ,; are equal, equations [2a,] and 
[2a] below can be used. 

xr? = (4r/n » i (oft 
' 


fects, are computed using the 


No=np=n/2 and 


—/ 27 


/ 


> of 
ee 


where jfi.= f g- 


’ 


tela > 1 


tC/ Nn \ 
4 


3 
De fii. 


7 “J 


bf jm 


where if ;= 


If mo xn, but all n,; 
} 


formulas [2b,] and [2b] 


are equal, 
may be used. 


F <f fi. — Mal)? 
Laws 


am = L : 


Formulas [2¢,] and [2c.] 
and can be used without 
and tl 


are general 
expressions 
restrictions On ,, ” 1@ M3. 
\e 

— Nn, Nai n)* 


ma = 


N 


fj—n_jnp/n 
+ mantehiaapeiciaiiants 


nN jNy/M 


where 2;= >> nj. In all three pairs 


of formulas above, the expected fre- 
quencies for the main effects are ob- 
tained the null hi 
the dist: ibutions of scores are identi al 
for all levels of the row or column 
conditions. Thus, for xr?, we should 
expect the proportion, m,/n, of each 
n;. to be below Md and the propor- 
tion, m,/n, to be above it. In all 
xr? and xc? have (r—1) and 
(c—1) degrees of freedom, respective- 
ly. 


5. The chi-square value for the 


ior pothesis that 


cases, 


interaction effect, x17, 1s most easily 


mputed by subtraction as in [3] 


X11" = X1°— Xr°— Xe" 
x1? has (r—1)(c—1) degrees of free- 
dom. 
The general expression for x;? is 
fairly complex and is given by Rao 


(3, p. 103) inson 


t different nota- 
Recomputatior > xn? and 
would appear to provide a 


k than computation of 


taster 
chee x1° from 
Kao's expression. 

The expected frequencies for Rao’'s 
obtained from the 
null hypothesis that the ,f,; and of,; 
for all cells can be predicted irom 


e marginal totals, in much 


expt ession are 


appropriat 
} 
the 


san 


iare test 


aqgicted 


penden e ina conti vyency table 


other 


words, the hypothesis states 
that the row and column etfects are 
independent. 
6. The tests 
and i 
paring 


for the main effects 
made by 


interaction are com- 
the obtained values of yr’, xc? 
and x7 with values from cumulative 
chi-square distribution for the ap- 
propriate degrees of treedom and sig- 
nificance level, a 


Com putational Example 
Suppose that we have an obtained 


distribution of error scores in dial 
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reading for each of 16 subjects in 
each of 9 experimental groups. Also, 
let us suppose that three different 
dials, A, B, and C, and three different 
levels of illumination, 1, 2, and 3, 
were used in all possible combinations 
so there is a total of nine conditions, 
each of which was presented to a 
different group. Let the median of 
the combined distributions, Md, be 
50 and suppose that we have the 
2X3X3 contingency table in Table 1. 
Since all n,;=16 and n,=n,=72, 
formula [la] can be used to compute 
xT’. 
4rco/n=4-3-3/144=1/16, 
n,/ 2rc=144/2-3-3=8 
x1? = 1/4[(2-8)?+ (4-8)?+ (5-8)* 
-+- (7-8)*+-(9-8)*+- (8-8)? 
+ (10-8)?+ (13-8)?+- (14-8) *] 
=128/4 
= 32.000 
Formulas [2a,] and [2a:] were used 
to compute xr? and x". 
4r/n=4c/n=1/12, 
n/2c=n/2c=144/2-3=24 
xr? = 1/12[(11-24)?+ (24-24)° 
+ (37-24)? 
= 338/12 
= 28.168 
xo? = 1/12(19-24)2+ (26-24)? 
+ (27-24)* 
= 38/12 
= 3.188 
Equation [3] was used to compute 
xr. 
xr = 32.000— 28.168 — 3.188 
= (0.664 


Since xr? has two degrees of freedom, 


. WILSON 


TABLE 1 


CONTINGENCY TABLE FOR DIAL READING 
EXPERIMENT’ 


Md =50 
Illumination Level 


Dials 


Md=S50 
Illumination Level 


1 


Dials 


the row effect is significant beyond 
the 0.1° % level. yc? with two degrees 
of freedom, is significant only at the 
10°, level and yx;* is obviously rot 
significant. 


Small Expected Frequencies 


Since 7 and ¢ will berelatively small 
for most experiments (i.e., less than 
10), pooling of cells to avoid small 
expected frequencies would probably 
result in a serious loss of information. 
In a recent article, Cochran (1 
advises against pooling in any appli- 
cations of the chi-square test and also 
concludes that the long accepted 
minimum expected values of between 
5 and 10 are too conservative. Coch- 
ran also states that ordinary chi- 
square tables can be used with con- 
tingency tables with more than one 
degree of freedom where small ex- 


* The data in this table are fictitious and are 
intended for illustrative purposes only. 
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pected frequencies are relatively few 
(about one in tive or more) and where 
the minimum expected frequency is 
as small as one. Ii the contingency 
table has 30 or more degrees of free- 
dom, an ordinary chi-square table 
can be used even if most expected 
frequencies are small and the mini- 
mum frequency is as small as two. 
Cochran gives references for exact 
tests for contingency tables where 
ordinary chi-square tables cannot be 
used. Also, Rao (3, pp. 201-205) 
vives exact tests which are relatively 
simple for small sample sizes. There- 
fore, it appears that small expected 
frequencies need not prevent use of 
the analytic technique described in 
in this paper. 


Relationship to Mood Tests 


Mood (2, ch. 16) discusses several 
extensions of the median test which 
are distribution-free tests of analysis 
of variance hypotheses. In his treat- 
ment of the two-way design with 
replication, Mood exact 
and chi-square approximate 
tests which are computationally simi- 


describes 


tests 


lar to those described in this paper. 
However, his test for interaction ef- 
fects is quite different and consists 
of making a series of iterative trans- 
formations of the until the 
medians of the transformed scores 
are zero for all rows and columns. 
After this the interaction 
hypothesis is tested by computing 
a chi-square test of independence for 
a 2XrXc contingency table whose 
third “dimension” corresponds to the 
differences in sign of the transformed 
scores. This test is obviously tedious 
and Mood states, without further 
qualification, that it is “‘very nearly 
but not quite distribution free” (2, p. 
405). Thus, the test described in 
this paper appears to have consider- 
able advantages in the treatment of 
interaction effects. 


scores 


is done, 


Use of Test with Lx perimental Designs 
with other than Two Factors 

The analytic technique described 
in this paper may easily be used with 
a one-factor experimental design. If 
there are r conditions, a 2Xr con- 
tingency table may be set up and a 
chi-square value for this table can 
be computed as in equations [2a], 
[2b,] and [2c]. An essentially equiva- 
lent test is described by Mood (2, p. 
398). If a two or more factor design 
without replication is used, the main 
effects of the design can be tested in 
this manner if the number of condi- 
tions for the other main effects is 
sufficiently large. Otherwise, an 
exact test could be used. 

Extension of this test for use with 
designs of three or more factors, with 
replication, is also possible. The use 
of this test in analyzing a three-factor 
design, with replication, is also possi- 
ble. The use of this test in analyzing 
a three-factor design, with replica- 
tion, is described below. 

1. The over-all median, Md, for 
the entire set of scores is deter- 
mined and a 2XrXc Xb contingency 
table is set up where 4 is the number 
of blocks, set up in the same man- 
ner as,in the analysis of the two-factor 
design. In this table, sfi represents 
the number of observations in the 
cell for row 7, column 7 and block k 
which are less than Md and fi; 
represents the number of observa- 
tions in this cell greater than or equal 
to Md. 

2. A total chi-square value, x71’, 
can be computed from a relatively 
slight modification of equations [la], 
{1b] or [1c]. The most general form, 
which is modified from [1c], is given 
below. 


(af iik— MijaMa/n)* 


1 > 3b > >| 
Waa) 


NejeNy/ 





NijkNa/n 
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where Mis = af int of ijn xT? is dis- 
tributed with (rbc—1) degrees of 
freedom. 

3. Chi-square values for the main 
effects, xr’, xc”, and yy”? are computed 
in almost the same manner as for the 
two-factor analysis. The general 
equation for xs’ is given below in 
equation [5]. 


a P(af.k—m.ata/n)? 
xs?= Do ; — 


ke NM Na/N 





(of ..2—..ame/n)? 
+- - 


2. enN,/n 


where nu= >) >> mix and fie 
4 
= bed of iik- xr? and xc? may be 


computed as above with appropriate 
changes in the subscripts. xr’, xc’, 
and xs? are distributed with (r—1), 
(c—1) and (6—1) degrees of freedom, 
respectively. 

4. The total of the chi-square 
values for the four interaction effects, 
x17, can be computed by subtraction 
as in equation [6] below. 


[6] xr? =X1°—XRr?—Xc*— XB". 


If x17 is less than is required for 
significance for the interaction effect 
with the smallest number of degrees 
of freedom, the analysis may be 
stopped at this point. Otherwise, 
the significance of the interaction 
effects should be evaluated as in steps 
5 and 6 below. 

5. A 2xXbxXc table, a 2Xr Xb and 
a 2XrXc table are obtained by sum- 
ming the frequencies in the 2XrXc 
Xb contingency table across rows, 
columns, and blocks, respectively. 
A x1* is computed for each of these 
tables by using formulas [1a], [1b] or 
[ic], with appropriate changes in 
subscripts, as in the two-factor analy- 
sis. Thus, a pcx’ is obtained for the 


V. WILSON 


2xXbxXc table which was summed 
across rows, a raxr’ is obtained for 
the 2XrxXb which was summed 
across columns and a rex is ob- 
tained fer the 2XrXe tal 
was summed across blocks. 

6. The chi-square values for the 
three double interaction eftects are 
computed as in the equations for 
[7] below. The pairs of main effects 
for which these interactions are being 
indicated by the left-hand  sub- 
scripts. 


2 
le which 


4 * * . 
BCX! = BCXT ~— XB ~ XC" 


[7] RBX1 =nBXxT’—XR-—XB° 


RCXI = RcXT*— Xr°— Xc* 
gcoxr’, RBXD and rex? are distributed 
with [(6—1)(e—1)], [(r—1)(b-1)], 
and [(r—1)(c—1)] degrees of free- 
dom, respectively. 

7. The chi-square value for the 
triple interaction effect. rrcx:, is 
computed as in equation [8] below. 


° ° ° > ° 
[3] RBCX1" = XI" — BCXI” — RBX1° ~ RCXI” 


rscxr’ is distributed with [(r—1)(c 
—1)(6—1)] degrees of freedom. 

8. The tests for the three main 
effects and the four interaction ef- 
fects are made bv comparing the ob- 
tained chi-square values with the 
values obtained from a table of the 
cumulative chi-square distribution 
for the appropriate degrees of free- 
dom and significance level, a. 

The analysis for the three-factor 
design indicates the general procedure 
for analyzing designs with more than 
three factors. In such analyses, a 
total chi-square value is computed for 
a contingency table where all condi- 
tions are represented and chi-square 
values are also computed for each 
of the main effects. If a potentially 
significant interaction effect is still 
seemingly possible, total chi-square 
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values are computed for all possible chi-square values for the interaction 
tables of two or more main effects effects can then be computed by sub- 
in the full contingency table. The _ traction. 
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A METHOD OF ACTUARIAL PATTERN ANALYSIS 
D. T. LYKKEN 


University or Minnesota 


A number of papers appearing 
during the last few years have con- 
sidered the problem of analyzing pat- 
terns or profiles of psychometric test 
scores. Several indices of “‘profile 
similarity’’ have been proposed (1, 
2, 4, 7, 8, 9). In a recent review, 
Cronbach and Gleser (2) show that 
these different indices may be all 
regarded as variants of the general 
Pythagorean formula for the linear 
distance between two points in »- 
dimensional space, where » is the 
number of scores in the profile, which 
itself is considered as a vector or point 
in the test space. 

In this same paper, the authors 
make a point which is of the utmost 
importance and which undercuts the 
whole of this literature and renders 
even their own conclusions, while 
correct, essentially irrelevant. They 
point out that “similarity ts not a 
general quality. It is posstble to discuss 
similarity only with respect to specified 
dimensions”’ (italics in original) (2, p. 
457). A pattern of test scores, such 
as an MMPI profile or a Rorschach 
psychogram, is thought to embody 
predictive validity with respect to a 
considerable number of different psv- 
chological dimensions of the testee. 
Two individuals may be similar in 
some of these dimensions and wholly 
dissimilar in others; it is meaningless 
to speak of people or other complex 
entities as being ‘‘similar” without 
specifying some dimension(s) of com- 
parison. 

If one is interested in similarities 
between test patterns, conceived as 
geometrical configurations, the rele- 
vant dimension of comparison is in- 
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Cronbach and 
However, the 


deed measured by 
Gleser’s D function. 
psychologist is not interested in 
geometrical configurations but in 
people. If the MMPI profile em- 
bodies information concerning two 
independent psychological attributes, 
it is obvious that two such profiles, 
a given distance apart in the test 
space, may represent similarity with 
respect to one attribute and dissimi- 
larity with respect to the other. Only 
by remote coincidence would a meas- 
ure of the dimension of geometrical 
distance serve also as a metric for a 
psychological dimension, and a suit- 
able index of similarity for one at- 
tribute could not, by detinition, meas- 
ure similarity in the other attribute 
if the two are truly independent. For 
the purposes of the psychologist, no 
single index of profile similarity can 
be ex pected to have general utility nor is 
it reasonable to expect that a meas- 
ure of geometrical similarity will 
have any utility. 

Two examples. The motivation 
behind this recent interest in the 
analysis of test patterns is the con- 
viction of the clinician that not all 
of the psychological meaning of a 
profile of test scores can be abstracted 
in any linear combination of them. 
That is, the clinician believes that 
certain psychological dimensions, 
which we shall call the criteria, are 
nonlinear joint functions of the 
several tests in the profile. This is 
the only valid basis for the current 
emphasis on patterns as such. We 
shall consider two simple examples 
of such nonlinear relationships and 
illustrate (@) why measures of geomet- 
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rical distance are irrelevant to the 
problem, and (5) a general method for 
exploiting any nonlinear validity 
for estimating the criterion which 
may be in the profile. 

Meehl! (7) has demonstrated that 
two ‘‘yes-no”’ test items having zero 
validity with respect to a dichoto- 
mous criterion, could have up to per- 
fect validity when considered jointly. 
This “paradox” of Meehl’s may be 
seen to be a special case, for di- 
chotomous distributions, of the func- 
tion y=X,%2, where y is the (continu- 
ous) criterion and x; and x, are the 
(continuous) predictors or test scores. 
The intercorrelations between the 
criterion and the tests individually 
may be zero and yet the criterion be 
entirely predictable trom the scores 
taken together—tfrom their 
file.”’ For convenience, we 


“pro- 


shall 


assume all variables to be expressed 
in standard scores. The test space in 
this example is the x,x2-plane. Sup- 


pose the criterion, y, increases post- 
tively with increasing absolute values 
of x; and x2 in the (++) and (— —) 
quadrants of this plane, and negative- 
ly with increasing absolute values of 
x, and x, in the (+—) and (—-+) 
quadrants. Then the profile (3, 3) 
is psychologically equivalent to the 
protile (—3, —3) but rather different 
from (1, 1). Geometrically, however, 
the patterns (3, 3) and (—3, —3) are 
far removed trom one another and 
(3, 3) is much more similar to (1, 1). 
The only psychological criterion for 
which similarity to the reference pro- 
file (3, 3) could be expressed by the 
Pythagorean D function would be 
one of the form y’=(x,—3)?+(x 
—3)*. Thus, none of the indices now 
available have any relevance to the 
psychological dimension of this ex- 
ample. 
Consider 


Rorschach 


instance. A 
might contend 


another 
expert 
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that some psychological attribute, 
say, emotionality, could be estimated 
from two Rorschach indices taken 
together as a pattern. He might sug- 
gest that, when the first index, x, is 
within average limits, the other 
index, X2, is proportional to emotion- 
ality. But when x is above or below 
average values, then x; varies as the 
inverse of emotionality. That is, 
y=(x for |x:| <2; 1/x2 for (x| >2) 
+ Error of estimate. In this case, the 
pattern (3, 3) is psychologically 
equivalent to the pattern (—3, 3), 
whereas the geometrical distance be- 
tween these two points is consider- 
able. (3, 3) is psychologically very 
different from (1, 1) although the 
configurations are geometrically close 
together. Note further that an index 
that would be appropriate as a metric 
for the first example would not do 
at all here. The points (3, 3) and 
(—3, —3) which are equivalent for 
the function y=x,%2, are very dissimi- 
lar with respect to the criterion of 
this second example. 

It is the hypothesis of pattern 
analysis that psychological criteria 
can be validly estimated by nonlinear 
joint functions of sets of test scores. 
If several independent criteria can 
be estimated from the same set of 
scores, the joint function suitable 
for predicting one will not in general 
serve for predicting any other. This 
is the same as saying that any index 
which will measure similarity of (or 
psychological distance between) two 
persons on a given dimension will in 
general give spurious results in com- 
paring the two persons (or profiles) 
on any other dimension. For the 
same reasons, of the indices thus far 
proposed (Cronbach and Gleser’s D, 
Cattell’s r,, Du Mas’ rps, Kendall's 
tau, Meehl's difference index), all 
of which measure various aspects of 
the geometrical distance between pro- 
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files, none are of any general use for 
the estimation of psychological cri- 
teria from test score profiles or for 
measuring psychological distance be- 
tween profiles. 

A solution. A simple, general 
method does exist, however, which 
will do both of these jobs. Consider 
again the predictor space defined by 
the test axes x, and x2, expressed in 
standard scores. One wishes to pre- 
dict a psychological criterion, y, from 
the “profile’’ formed by a pair of 
scores on the two tests (or to measure 
similarity with respect to the dimen- 
sion y between given pairs of profiles, 
which is the same thing). To get 
the utmost predictive validity possi- 
ble, one allows y to be any joint 
function of x, and x, ie. y=f(mx, 
x2)+Error of estimate. One obtains 
a sample of N profiles with a value of 
y associated with each as measured 
by some external criterion. The V 


b 
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profiles are plotted as points in the 
test space. The test axes are drawn 
orthogonal and intersect at x; =..=0 
(see Fig. 1). 

Suppose that the y values associ- 
ated with the profiles in each quad- 
rant of this space are averaged sepa- 
rately for each quadrant. If the func. 
tion f(x,, x2) is in fact y=x,x2 as in 
the first example above, the y means 
for the (++) and (— —) quadrants 
will be positive and approximately 
equal. The y means for the (+—) 
and (—+) quadrants will be nega- 
tive and about equal. One is now in 
a position to say that profiles in, 
e.g., quadrants (++) and (— —) are 
similar with respect to y and those 
in quadrants (++) and (+-—) are 
dissimilar. Similarly, the best esti- 
mate for y for any profile in the (+ +) 
quadrant will be the mean y value 
found for that quadrant. 

Such estimates would of course be 
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Fic. 1. RANK-ORDER OF y MEANS IN THE 16 CELLS OF THE TEST SPACE: y= x12 
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extremely crude. To increase the 
precision of measurement, one par- 
titions the test axes more finely, i.e., 


uses more cells in the test space. In 


the case represented in Figure 1, 
each axis has been partitioned at its 
quartiles, yielding a space of 16 cells. 
Again, the y means are calculated 
for each cell. The numbers entered 
in the cells of Figure 1 are the rank 
orders of size of the y means which 
would result if the function involved 
is y=Xx,. Now 
example, that profiles in cells ad and 
da are equivalent 
and 


one can say, for 
with respect to y 
cell be 
than are Again, 
the best the value of y 
is the y mean of the cell in which the 
given profile falls. If another psy- 
chological dimension, s, is to be esti- 
mated from the profile x, Xe, 
compiles a separate table of cell 
means for zc in the same way. The 
degree of predictability of the cri- 
terion from the profile or set of scores 
indicated by the 
statistic multiple-eta (6) and signifi- 
cance tests are also available. 

This method can obviously be 
generalized to any number, n, of 
tests. If each test is partitioned into 
k intervals, there will be &* cells in 
the test space and k&” entries in the 
actuarial prediction table containing 
the cell means. The method is ap- 
plicable to categorical as well as 
continuous criteria, in which case 
the most frequent category of y oc- 
curring in a given cell is entered in 
the table instead of the y mean. The 
method may be used with categorical 
test data as well or even mixtures of 
the two. The categories of x;, in this 
case, serve as the intervals for x. 

This method requires sufficient en- 
tries for each cell of the test space so 
that the mean or modal y values ob- 
tained for each cell will be stable. 
Since there are k" cells in the space, 


similar to those in 
profiles in cell bd. 


estimate of 


less 


one 


is conveniently 
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this means that an exceedingly large 
sample N will be required to provide 
normative data for profiles composed 
of several tests if there are to be many 
intervals k, on each test axis. It can 
be shown, however (6), that with 
test reliabilities of the order presently 
available in psychological work, ex- 
tremely coarse partitioning (e.g., 
four, three, even two intervals per 
axis) introduces relatively little ad- 
ditional error of measurement. More- 
over, it usually happens that the 
tests in a protile are not independent 
of each other, in which case values 
will occur in many of the cells only 
rarely. These may be dis- 
regarded for practical purposes, thus 
considerably reducing the sample NV 
required. 


cells 


A PROGRAM OF EmptIRIcaL Pat- 
TERN ANALYSIS FOR THE 
MMPI 

To illustrate a practical clinical 
application of this method, we shall 
refer to the 9-scale profile of the 
MMPI. If one dichotomizes each 
scale axis, there result 512 cells in the 
test space. It will be convenient to 
number these cells from 0 to 511 and 
to code the profiles in such a way 
that the number of the cell to which 
a profile belongs is immediately given 
by its code. For scale values above 
the median, assign the code number J 
and for scale values below the median 
assign the code number 0. The codes 
for the 9 scales of the profile are 
written in the usual scale order; thus 
the profile 48, 58, 52, 63, 53, 72, 65, 
64, 53 would be coded 000101110, if 
60 were the median for each scale. 
This code may be read as a binary 
number, equal in this case to 46— 
this profile falls into cell 46 in the 
test space. 

Over a period of time, profiles could 
be collected, coded, and filed under 
the appropriate cell designation to- 
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gether with whatever psychological 
data are available on the subjects 
producing the profiles. As data ac- 
cumulate for the more popular cells, 
the psychological picture character- 
istic of these cells will emerge. An 
investigator interested in a particular 
dimension, y, can go to the files and 
compute y means for those cells for 
which sufficient data have accumu- 
lated. Multiple-eta (6) and the 
associated significance tests will tell 
him the extent to which MMPI 
profiles can predict that dimension; 
the table of cell means for y (or modes 
if y is qualitative) will be his pre- 
dicted values for y for new profiles 
belonging to these cells; profiles be- 
longing to cells having similar means 
he will regard as equivalent with re- 
spect to y. If the psychological data 
filed with the profiles does not in- 
clude the y dimension, the investiga- 
tor must gather a new sample. The 
files will help him to the extent of 
informing him which cells are sulti- 
ciently popular to warrant being sam- 
pled; e.g., if he wishes to predict y 
for college freshmen, he will ordinari- 
ly need data only on those cells in 
which profiles most commonly occur 
for this population. 

If it is desired to increase the pre- 
cision of measurement, the number of 
intervals, k, on each scale axis may 
be increased from 2 to 3. However, 
with 9 scales in the profile, this would 
result in over 19,000 cells in the test 
space. Although many—perhaps 
thousands—of the cells would be es- 
sentially empty in the population and 
could be ignored, this would still re- 
quire an impracticably large sample 
on which to base the prediction tables. 
One solution would be to reduce the 
number of scales considered, either 
by eliminating the less discriminat- 
ing scales or perhaps by using the 
first few principal component factors 
in their stead. Six scales with three 
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intervals on each would probably be 
a workable number. 

Another solution would be to re- 
main with the nine dichotcmized 
scales and add as a tenth dimension 
a dichotomous index of general ele- 


a 
vation, such as ( }>x*)", coded J 
1 

if above the grand scale mean and 0 
if below it. This would double the 
number of cells in the test space and 
increase the precision of measure- 
ment considerably. (In the two- 
dimensional example above, where 
the quadrants formed the four cells 
of the test space, adding such an 
elevation index would amount to 
superimposing a circle on the test 
axes with its center at the origin. The 
four enclosed sectors of the circle 
would form four cells of the new test 
space and the four quadrant areas 
outside the circle would make up the 
total of eight. In the MMPI test 
space, there would 512 low-elevation 
cells within the elevation index hyper- 
sphere and 512 high-elevation cells 
outside it.) 

The method proposed requires that 
profiles falling within a given cell 
be regarded as psychologically equiv- 
alent. At first glance, this would ap- 
pear to entail the same fallacy in- 
veighed against in the first part of this 
paper; viz., the assumption that all 
dimensions of psychological distance 
can be ordered to a continuum of 
geometrical distance. However, this 
is not really the case. First of all, it 
is clear that all the dimensions in 
question share the same zero point; 
identical profiles are zero distance 
apart geometrically and psychologi- 
cally. Error variance in the tests 
composing a profile will cause the ob- 
served points to scatter in the test 
space around the point representing 
the ‘true’ profile; psychologically 
equivalent profiles will in general be 
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observed to differ from each other by 
small amounts of geometrical distance. 
Thus, it can be seen that the D func- 
tion measures something of psycho- 
logical interest after all, namely, 
joint error of measurement in the 
profile. Therefore, the treatment of 
points within- small regions of the 
test space as psychologically equiva- 
lent is not inconsistent with the argu- 
ments presented earlier. Moreover, 
error variance aside, only exceedingly 
complex functions will differ sharply 
between two adjacent small regions 
of the predictor space. One can only 
adopt the compromise approach of 
partitioning the test space as finely 
as is consonant with the reliabilities 
of the profiles and the available V. 


SUMMARY 


1. The “similarity” of test profiles, 
or of the people producing them, can 
be defined only in terms of specified 
dimensions of comparison. 

2. An index of similarity which 
correctly orders profiles along one di- 
mension of comparison, will not in 
general be appropriate for measuring 
any other, independent, dimension. 

3. Existing indices of profile simi- 
larity order protiles as geometrical 
entities along some dimension of dis- 
tance in the test space. Only by 
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remote coincidence will any such 
index serve as a measure of any psy- 
chological dimension related to the 
test pattern or as an index of simi- 
larity of persons producing the pro- 
files. 

4. The 


hypothesis of pattern 


analysis is that various psychological 
vatiables may be best estimated by 
nonlinear joint functions of the tests 
composing a given profile. The func- 
tion that will estimate one variable 
in general estimate any 


will not 
other. 

5. Multiple-eta provides a simple, 
general method for analyzing com- 
plex joint functional relationships. 
Basically a curve-fitting technique, 
it requires the gathering of normative 
data and may be thought of as an 
actuarial method of pattern analysis. 
With this method, criteria and test 
data may be continuous or categori- 
cal. The method makes possible pre- 
diction of the criterion from the pro- 
file, measures the degree and signifi- 
cance of this predictability, allows for 
the assessment of similarity and dis- 
similarity of profiles with respect to 
the criterion dimension. 

6. An illustrative possible applica- 
tion of this method to the MMPI in 
the form of a long-term cumulative 
research project is described. 
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The problem of adapting Kendall's 
coefficient W of concordance to socio- 
metric-type ranking—or generally, 
to rank matrices in which the num- 
ber of rankers and the number of 
ranked are equal, and in which the 
principal diagonal is blank—had al- 
ready been considered by me in 1951 
(2). 

The adapted coefficient of concord- 
ance was designated JI’, and the 
formula presented was 

12.8’ 
Ww’ =—___—__; 

n*(n?— 1) 
in which 

n? 


(n—2)* 

This formula is identical with that 
given by Willerman if S’ is replaced 
by S. 

The advantage of using S’ instead 
of S in the formula for W’ becomes 
apparent when it is desired to take 
tied rank scores into account which 
are frequently present in matrices 
of this type. In that case the formula 
is corrected to 


My 


WG et 


-1)—n >, T’ 
7 


1 


where 


(f—2) 


and ¢ denotes a set of ties in any one 
row. 

This formula, though not its deri- 
vation, has recently been again pre- 
sented in a paper of mine (3). It has 
been found useful in the study of 
small groups as an indicator of the 
reliability of the rankers and of the 
conspicuousness of the phenomena 
ranked. It was, for example, found 
that group members achieved sig- 
nificantly higher concordance values 
when judging group companions with 
regard to their dominance status than 
with regard to their popularity status. 
The respective W'-values were .72 
and .57 in 20 small groups examined. 
This difference was statistically sig- 
nificant beyond the .01 level of confi- 
dence. 
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